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The Soil Survey of Illinois was organized under the cbietat sisi aleas’ IANA 
of Professor Cyril G. Hopkins, with Professor Jeremiah G. Mosier directly Peay 
in charge of soil classification and mapping. After working in association : 

' on this undertaking for eighteen years, Professor Hopkins died and ‘Profes-_ 
sor Mosier followed two years later, The work of these two men enters 0 
intimately into the whole project of the Illinois Soil Survey that it is im- 
possible to disassociate their names from the individual county reports. 
Therefore recognition is hereby accorded Professors Hopkins and Mosier for i 


their contribution to the work resulting in this publication. Ri 
; i v 
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ROCK ISLAND COUNTY SOILS 


By R. S. SMITH, O. I. ELLIS, E. E. Dp TURK, F. C. BAUER, anv L. H. SMITH?! 


LOCATION AND CLIMATE OF ROCK ISLAND COUNTY 


Rock Island county is situated in the northwestern part of the state, ex- 
tending along the Mississippi river for about 50 miles. It is about 428 square 
miles in area and is divided into almost equal parts by Rock river. 

Since there are no Weather Bureau records for Rock Island county for a 
long-continued period, the data collected at Aledo, Mercer county, are used to 
represent the climatic conditions in this area. The greatest range in temperature 
during any one year from 1902 to 1923 was 125 degrees in 1905, 1916, and 1918. 
The lowest temperature recorded during this period was — 30°, the highest, 104°. 
The average date of the last killing frost in spring is April 28, the earliest in 
fall is October 15, giving a growing season of about 169 days. 

The average annual rainfall for the period 1902 to 1922 was 33.09 inches. 
The rainfall by months for this period was as follows: January, 1.59 inches; 
February, 1.27; March, 2.13; April, 3.15; May, 4.50; June, 3.94; July, 3.54; 
August, 3.11; September, 4.50; October, 2.32; November, 1.93; and Decem- 
ber, 1.31. 


AGRICULTURAL PRODUCTION 


Diversified farming is the rule in Rock Island county. Twenty-nine per- 
cent of the area of the county is rough enough to be subject to serious erosion. 
This fact emphasizes the necessity of keeping a relatively large acreage in 
pasture or of using special methods to lessen erosion if the land is cultivated. 

In 1919, according to the Fourteenth Census, there were 2,045 farms in Rock 
Island county. The average size of these farms was 119.2 acres, 87.3 acres of 
which were improved. Only 38.7 percent of the farms were operated by tenants, 
_which is a slight inerease over the two preceding decades. 

The following figures show the acreage and production of the principal 
crops grown in the county. In considering these figures it should be remem- 
bered that they are for a single year only, that of 1919. 


Crops Acreage Production Yield per acre 
(OT: 3° 5 Sh Qn dep On I eeeneas 58,508 2,529,024 bu. 3.2 bu. 
2 6 OE 22,337 663,366 bu. 29.7 bu. 
DWITGEMRIR YS Sci (> sicie-sie o'0-s.00 eee s 10,745 224,598 bu. 20.9 bu. 
LOGS 0 SAGO CE eee 2,653 49,862 bu. 18.8 bu. 
ee EMEEE To -fclais sic sole @is e'e a'eles 5,557 79,534 bu. 14.3 bu. 
BER ODD YA falar yare.cip viele sie. s.0s00+ 00s 5,781 8,309 tons 1.44 tons 
‘Timothy and clover mixed....... 16,412 23,225 tons 1.42 tons 
REP OURRM Reh.) Srehcle cis. o/<jcieies sieves ss San 5,078 tons 1.50 tons 
SME AVS Ts yeisisocs 4. b.s viece eee eees 719 2,118 tons 2.95 tons 
PSMIONICTODS) vices viaccess cc eases 2,214 19,391 tons 8.76 tons 
ameGOr OTA We oc... ess ees 3,465 7,962 tons 2.30 tons 


2E.S: Smith, in charge of soil survey mapping; O. I. Ellis, Assistant Chief in soil survey 
mapping; EH. E. DeTurk, in charge of soil analysis; F. C. Bauer, in charge of experiment 
fields ; ‘L. H. Smith, in charge of publications. 
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The total value of all crops for 1919 was estimated at $6,738,106. The acre- 
age devoted to pasture is not recorded in the Census, but a conservative estimate 
seems to be that 15 percent of the area of the county, or about 41,000 acres, was 
used for this purpose in 1923. 

Livestock farming is an important industry in this county, as shown by 
the following figures taken from this same Census report, 


Animals and Animal Products Number Value 
PAIODBES | se-5 a'e wine sare: Fintar0' 415 forayelniakstaleyplelaieceh ates feist 10,954 $1,009,737 
Miles c.* adgnstnctesicts Sts A tla wich ea ets viele Wie arciavein ecm 429 48,415 
EGE CALL O arb lewieinga ote siete e a/ohsateloieie> Siayaa is ae 15,756 927,115 
DV AIY CALL? ign stole louse dioid aisle vn ears pio eit iaie ® sinileus 15,354 1,097,107 
STC NEMSSNeL Se GeO CADE INC SPOR Or iG Seg RAB Lens. 4,946 59,578 
RSOUDG cy stoves aelins terspnielaisials tive tales areiere pate aLeeten 59,213 1,392,323 
PO UURELY carer erotic ale eternal 9 olsiace =n isiels's intel s vial atelietete' 4 220,082 238,695 
BLS IANG CHUCKOIUNs otelere\ais)e isto sre sete'pieletn iss ss wielele On Guetta 674,746 
IB rietag bys ihc § rio ah oor ine nc p citar ODT re bog ty 666,144 
WGYa) keg Seat iSO ne DSee Bat Oore te ty onctine Dec 26,080 Ibs, 13,594 


The total value of livestock and livestock products was, as shown by these 
figures, over six million dollars in 1919. 

Market gardening and dairying are highly developed near the cities. The 
sandy soils in the vicinity of the cities of Rock Island and Moline are well 
adapted to gardening and the market is good for garden products. 

Fruit growing also is of considerable importance in this county. In 1919 
there were about 245,000 quarts of small fruits produced and 8,900 bushels 
of orchard fruits. The excellent markets, together with soils adapted to 
fruit growing, would seem to indicate that this industry might be further 
developed with profit. 


SOIL FORMATION 
GEOLOGICAL HISTORY 


One of the most important periods in the geological history of the county, 
from the standpoint of soil formation, was the Glacial period, during which 
and immediately following, the material that later formed the mineral por- 
tion of the soils was being deposited. At that time, snow and ice accumulated 
in the region of Labrador and to the west of Hudson Bay to such an amount 
that the mass pushed outward from these centers, chiefly southward, until a 
point was reached where the ice melted as rapidly as it advanced. In moving 
across the country from the far north, the ice gathered up all sorts and sizes 
of material, including clay, silt, sand, gravel, boulders, and even immense 
masses of rock. Some of these materials were carried for hundreds of miles 
and rubbed against surface rocks and against each other until largely ground 
into powder. When the limit of advance of the ice sheet was reached, the 
rock material carried by the ice accumulated along the front of the glacier 
in a broad, undulating ridge or moraine. When the ice melted more rapidly 
than the Piacicn advanced, the terminus of the glacier receded, and the material 
was deposited somewhat irregularly over the area prevional covered. The 
mixture of materials deposited by the glacier is known as boulder clay, till, 
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glacial drift, or simply drift. The average depth of this deposit over the 
state of Illinois is estimated as 115 feet. 

During the Glacial period at least six distinct ice advances occurred that 
were separated by long periods of time. They are described as follows, in 
the order of their occurrence: 

(1) The Nebraskan, which did not touch Illinois; (2) the Kansan, which 
covered the western parts of Hancock and Adams counties; (3) the IIlinoisan, 
which covered all of the state of Illinois except the northwest county (Jo 
Daviess), the southern part of Calhoun county, and the seven southernmost 
counties; (4) the Iowan, which covered a part of northern Illinois, the exact 
area, however, being difficult to determine because of the effect of the subse- 
quent glaciations; (5) the early Wisconsin, which covered the northeastern 
part of the state as far west as Peoria and as far south as Shelbyville; (6) 
the late Wisconsin, which extended to the west line of McHenry county and 
south to the town of Milford in Iroquois county. 

Previous to the ice invasion, this region generally was not well suited 
to agriculture because of its rough and hilly character, as is shown by borings 
which indicate many preglacial valleys that later were filled with drift. The 
general effect of the glaciers was to change the surface from hilly to gently 
undulating. 

Rock Island county was covered by the Illinoisan glaciation, which par- 
tially leveled the region by rubbing down the hills and filling the valleys. No 
moraines were formed in this county. A later ice sheet, known as the Iowan 
glaciation, probably did not cover any portion of Rock Island county. It 
played an important role, however, in the formation of the soils of the county 
beeause the water from the melting ice carried large quantities of sediment 
and deposited it on the extensive bottom lands and terraces. Later much of 
this material in the form of fine sand and silt was blown on to the upland. 
This wind-blown deposit varies from 5 to 40 feet in thickness and is known 
as loess. 


CHANGES IN THE RIVER SYSTEMS 


The Mississippi river changed its course several times during the Glacial 
period. At one time, the channel was diverted to the west into Iowa near 
Fulton, and re-entered its present channel near Keokuk, Iowa. Later, the 
river followed the present valley of Meredosia slough to Rock river and thence 
im an eastward direction thru Henry and Bureau counties to the Illinois river. 
Probably, a third course of the Mississippi river was in its present channel to 
about Watertown, and thence east thru what is now known as Pleasant Valley. 

Presumably the Rock river did not follow any of the preglacial courses 
of the Mississippi river, but formed a new valley leading to the present chan- 
nel of the Mississippi river, thus forming the island of upland extending from ~ 
Carbon Cliff to the city of Rock Island. This area is covered by a deposit of 
loess 40 feet in thickness at the west end, and 25 feet in thickness at the east 
end. The glacial drift occurs as a relatively thin sheet, the limestone bed rock 
being reached at a depth of 50 to 75 feet. 

_ The island-like upland from Hampton to Meredosia slough is covered by 
a deposit of loess to a depth of 30 to 40 feet, beneath which there is a deposit 
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Mar SHOWING DRAINAGE SYSTEMS OF Rock ISLAND COUNTY 


of blue till extending to limestone rock at a depth of about 100 feet. The area 
of upland south of Rock river has a loess cap of 25 to 40 feet in thickness on 
the borders of the Rock and Mississippi rivers, and decreases to 15 feet in 
thickness at the Mercer county line. The depth to the rock varies from 50 
feet at the Rock river bluffs to 150 feet at the Mercer county line. 


PHYSIOGRAPHY AND DRAINAGE 


The topography of Rock Island county varies from flat to undulating and 
rolling. In the bottom lands, the topography varies from flat to slightly un- 
dulating, the latter being due to the presence of sand ridges. Most of the 
terraces are undulating, altho only slightly undulating and even flat areas 
occur. Where the wind has opportunity to drift the sand, the topography is 
undulating. The upland in the prairie south and west of Rock river varies 
from undulating between Taylor Ridge and Edgington, to rolling in the re- 
mainder of the area where erosion has been active. In the timber areas, the 
topography varies from rolling to rough and broken, the slopes becoming 
steep near the Mississippi river. The topography of the island extending from 
Rock Island to Carbon Cliff varies from undulating in the Yellow-Gray Silt 
Loam area to rough and broken near the bluff line, with a drop of 150 or 175 
feet to the terrace. The area north of Pleasant Valley in the vicinity of Port 
Byron varies from undulating to rolling and broken. 

Practically all of the county is drained by the Mississippi and Rock rivers. 
There are two secondary streams, namely Copperas and Mill creeks, in the 
south part of the county. Nearly all the bottom land has been drained by 
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(b) UPLAND TIMBER SOILS 
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(d) TERRACE SOILS ; (e) SWAMP AND BOTTOM- 
LAND SOILS 
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open dredge ditches. Levees have been built along the Mississippi river and 
pumping stations established so as to keep down the excess water and to lower 
the water-table level. The Meredosia slough in the north part of the county 
is a sluggish stream, but has a fairly good channel. During periods of high 
water it serves as an overflow stream or cut-off between the Mississippi and 
Rock rivers. Some of the small intermittent streams in the upland disappear 
when they reach the terrace or bottom land. They spread over a wide expanse 
of area and find their way to the larger streams thru the underdrainage. Very 
few open ditches are required to drain readily the sandy terrace areas of ex- 
cess water. The water table is usually deep enough not to hinder the growth 
of the crops. Some of the depressions without any outlets are poorly drained. 

The altitudes of several of the more important towns of the county are 
as follows: Hillsdale, 577 feet; Moline, 580; Port Byron, 579; Reynolds, 800; 
Rock Island, 563; Taylor Ridge, 786. 


SOIL GROUPS 

The soils of Rock Island county are divided into five groups, as follows: 

(a) Upland Prairie Soils, usually rich in organic matter. These areas 
originally were covered with wild prairie grasses, the partially decayed roots of 
which have been the chief source of organic matter. The upland prairie soils 
include some areas of recent timber growth, where certain kinds of trees have 
spread over the prairie, but this forestation has not been of sufficient duration 
to produce the characteristic timber soils. These areas of greater or less width 
are found along the border of most timber tracts, so that the timber actually 
extended a little farther than the soil would indicate. 

(b) Upland Timber Soils, including those zones along stream courses over 

which forests grew for a long period of time. Timber soil contains less organic 
matter than prairie soil because the large roots of dead trees and the surface 
accumulation of leaves, twigs, and fallen trees suffered almost complete decay 
or were burned by forest fires. The timbered soils are divided into two groups, 
the undulating and the eroded. 

(ce) Deep Loess, including those soils which are sufficiently near the origin 
of the wind-blown material to contain considerable amounts of fine sand. 

(d) Terrace Soils, formed by deposits from flooded streams overloaded with 
sediment, perhaps at the time of the melting of the glacier. Finer deposits which 
were later made upon the coarser material now constitutes the soil. Large quan- 
tities of sand deposited and reworked by the wind form the sand dunes. 

(e) Swamp and Bottom Lands, which include the flood plains along the 
streams and some poorly drained muck and peat areas. 

Table 1 gives the list of soil types in Rock Island county, the area of each 
in square miles, and in acres, and also the percentage of the total area. The 
accompanying map, shown in 4 sections, gives the location and boundary of 
each soil type which has been mapped in the county. 

' For explanations concerning the classification of soils and the interpretation 
of the map and tables, the reader is referred to the first part of the Appendix. 
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TasiE 1.—Sor Types or Rock Isuanp County, ILLrinors 


Soil Areain | Area Percent 
type Name of type square | in of total 
No. miles acres _ area 
(a) Upland Prairie Soils (500, 800) 
526% rowan LOM... Ue tatrats sien o ele ee cree wate 65.74 42 ,074 15.32 
841 |Brown Fine Sandy Silt Loam............... 5.83 3,731 bor 
Si) brown rine Sandy Loam. 3: .. .5..5sie. ances 94 601 .22 
528 |Brown-Gray Silt Loam On Tight Clay. . ; sO 64 02 
72.61 46 ,470 16.93 
(b) Upland Timber Soils (500, 800) tne” 
Sore MelloweGray Silt Loam. 3... 222.0 eee 43.64 27 ,930 10.18 
Baha ello wash LORI. . 22° 5 -.-s.1 2 yn.n abate lta ee tae 10.85 49 ,632 18.08 
845 {Yellow Fine Sandy Silt Loam............... 24.88 15,923 5.80 
844 |Yellow-Gray Fine Sandy Silt Loauntsn: eidlcn! 14.38 9,203 3.35 
874 |Yellow-Gray Fine Sandy Loam..............! 25.80 16,512 6.02 
Siosieelow bine Sandy Loam... 24... eee ee ler 22.78 14,579 5.31 
Sromvexedssand and Loess.:....2.. «1 «as arent one 1.08 691 .25 
210.11 134,470 48.99 
(c) Residual Soils (000) < 

RO nS LOR SUSI oon aoe as ou oun oe genre oth datas iN eee aL 70 .03 

IO MER OCIMOEUCTOD) cc's 4 cisia ss 4c /\aroiare eaamelinnaats ohana OL 6 . 002 

; 12 76 032 

(d) Terrace Soils (1500) 

Roce Eom sot LOSI... . iso bic slaeltie aun seen 8.71 5,575 2.03 
1526. 1|/Brown Silt Loam On Clay..............02..- 10 64 -02 
1528 |Brown-Gray Silt Loam On Tight Clay. . : .09 58 -02 
THOU iErOWwMSAnGy LOAM, ...... 0255000 2eeee ieee 29.85 19,104 6.96 
1572. (Brown Fine Sandy Loam. 2... 0. .¢.. 00 aenetee 6.35 4,064 1.48 
1560.4|Brown Sandy Loam On Gravel.............. 2.47 1,581 . 58 
1560.5)Brown Sandy Loam On Rock. Stee .93 595 - .22 
1568 |Brown-Gray Sandy Loam On Tight Clay. er? .20 128 .05 
1564 |Yellow-Gray Sandy Loam.................. 2.33 1,491 .54 
1564. 1/Yellow-Gray Sandy Loam On Clay.......... 05 32 01 
TAO MEME VORUSHIIC vcs sis vb ine seals Hire Sale he aemereeiee 10.36 6 ,630 2.42 
Pelee TIERS ATIC As «00,5 >, «Ga oht a Pele cee eee ee 1.27 813 30 
LOOM GPa VEL LiGAIN: 5... 52.5.0 So, ssh eee nee 06 38 .O1 
62.77 40,173 14.64 

(e) Swamp and Botton-Land Soils (1300, 1400) \ 

1426)\Deep Brown Silt Loam... 2 o>. 70 Soa es! 11,207 4.08 
pee \ AS Pres Bicl he 6 31.26 20, 006 7.29 
1460) Brown: Sandy Loam, .....+./s..i02e seman alli 3,309 1.21 
a \\Yellow-Gray Fine Sandy Silt Loam.......... 6.42 4,109 1.49 
i4Gles | Bisck sandy Liam. . |... <s..s< ss eoeeeine .20 128 .05 
SAS OP RV ETRSADG ©. cy 08. owe dic saw a Sas Bote eee ee .07 45 02 
1420S Bineku@layulboam 5,214. os s see oe 1.46 934 384 
HAT ym TA baOlav eters toe siess ce hh «os oe 1.24 794 .29 
PAD ae Dra bi@iay Gas. 5, .c.c0 2 25, «ssitarseeere aes ieee 813 .30 
HADOPR lackeviixed: osm. 8:5 cchaseshantete See 11.86 7,591 std, 
1450. 5/Black Mixed Loam On Rock................ 53 339 .12 
TRONE SNA eres ots) RG eer ee Lahr 2.61 1,670 .61 

NAS eal lavevaViliCk- sak cc Nsi2 0s, ic onrtee een neter .03 19° 4 . 006 
79.63 50 , 964 18.57 
(f) Miscellaneous 
IWS beleraereie cin a omese af akss fe 5 sss sapae ae 3.14 2,010 : 13 
PO WLEIR Doras Svcieeg nah aho tai) ore thon. al octonan the he Deno te ees 27 173 06 
Coanek its seat chet ive. sys itiske cs Sie ee 23 147 05 
3.64 2,330 84 
BL Ota: tyee tay ae Aste 2-2 nae cee ee 428.88 274,483 | 100.00 
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INVOICE OF THE ELEMENTS OF PLANT FOOD IN 
ROCK ISLAND COUNTY SOILS 


In order to obtain a knowledge of its chemical composition, each soil type 
is sampled in the manner described below and subjected to chemical analysis for 
its important plant-food elements. For this purpose samples are taken usually 
in sets of three to represent different strata in the top 40 inches of soil; namely, 
an upper stratum (0 to 6%4 inches), a middle stratum (62% to 20 inches), and a 
lower stratum (20 to 40 inches). These sampling strata correspond approxi- 
mately in the common kinds of soil to 2,000,000 pounds per acre of dry soil in 
the upper stratum, to two times this quantity in the middle stratum, and to 
three times in the lower stratum. This, of course, is a purely arbitrary division 
of the soil section, very useful in arriving at a knowledge of the quantity and 
distribution of the elements of plant food in the soil, but it should be borne in 
mind that these strata seldom coincide with the natural strata as they actually 
exist in the soil and which are referred to in describing the soil types as surface, 
subsurface, and subsoil. By this system of sampling we have represented sep- 
arately three zones for plant feeding. The upper, or surface layer, includes at 
least as much soil as is ordinarily turned with the plow, and this is the part with 
which the farm manure, limestone, phosphate, or other fertilizing material is 
incorporated. 

The chemical analysis of a soil, obtained by the methods here employed, gives 
the invoice of the total stock of the several plant-food materials actually present 
in the soil strata sampled and analyzed. It should be understood, however, that 
the rate of liberation from their insoluble forms, a matter of at least equal im- 
portance, is governed by many factors, and is therefore not necessarily pro- 


portional to the total amounts present. 


we 


For convenience in making application of the chemical analyses, the results 
as presented here have been translated from the percentage basis and are given 
in the accompanying tables in terms of pounds per acre. In this the assumption 
is made that for ordinary types an acre of soil to a depth of 624 inches weighs, 
when dry, 2,000,000 pounds, exceptions being made of certain soils very high 
in organic matter, such as the peats and the mucks. It is understood, of course, 
that this value is only an approximation, but with this understanding it is be- 
lieved that it will suffice for the purpose intended. It is, of course, a simple matter 
to convert these figures back to the percentage basis in case one desires to con- 
sider the information in that form. 


THE UPPER SAMPLING STRATUM 


In Table 2 are reported the amounts of organic carbon (which serves as a 


measure of the total organic matter), and the total quantities of nitrogen, phos- 
_ phorus, sulfur, potassium, magnesium, and calcium in 2 million pounds of the 


surface soil of each type in Rock Island county. 
Because of the extreme variations frequently found within a given soil 


type with respect to the presence of limestone and acidity in different strata, no 


attempt is made to include in the tabulated results figures purporting to repre- 
sents their averages in the respective types. In examining each soil type in the 
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field, however, numerous qualitative tests are made which furnish general in- 
formation regarding the soil reaction, and in the discussion of the individual soil 
types which follow, recommendations based upon these tests are given concern- 
ing the lime requirement of the respective types. Such recommendations cannot 
be made specific in all cases because local variations exist, and because the lime 
requirement may change from time to time, especially under cropping and soil 
treatment. Therefore, it is often desirable to determine the lime requirement 
for a given field and in this connection the reader is referred to the section in 
the Appendix dealing with the application of limestone (see page 36). 

In connection with Table 2, attention is called to the variation among the 
soil types with respect to their content of the different plant-food elements. It 
will be seen from the analyses that variations in the organic-earbon content of 
the different soils are accompanied by similar variations in the nitrogen con- 
tent. The organic-carbon content is usually from 10 to 12 times that of the 
total nitrogen. This close relationship is explained by the well established 
facts that all soil organic matter contains nitrogen, and that most of the soil 
nitrogen (usually 98 percent or more) is present in a state of organic combina- 
tion. This close relationship is also mamtained in the middle and lower sam- 
pling strata. The organic matter with its nitrogen varies widely in various soils 
of the county. The largest amounts are found in the swamp and bottom-land 
soils, especially those which are peaty. Clayey Muck contains 165,075 pounds an 
acre of organic carbon, the largest amount found in any soil type in the county. 
Its corresponding nitrogen content is 14,410 pounds. The upland prairie soils 
are much higher in these constituents than are the timber soils, the average for 
the former being 51,260 pounds an acre of organic carbon, and 4,210 pounds of 
nitrogen, as compared to only 21,920 pounds and 2,010 pounds of the two ele- 
ments, respectively, in the latter group. The relative deficiency of the timber 
soils in these important constituents serves to emphasize the necessity of giving 
particular attention to the return of organic materials to soils of this group in 
planning cropping systems. 

Other elements are not so closely associated with each other as organic mat- 
ter and nitrogen. However, there is some degree of correlation between sulfur 
and organic carbon. This is because a considerable, tho varying, proportion of 
the sulfur in the soil exists in the organic form, that is, as a constituent of the 
organic matter. 

The potassium content is always low in peat and muck soils, the minimum 
for Rock Island county being 13,150 pounds an acre in Deep Peat. With the 
exception of Deep Peat and Clayey Muck, the potassium does not vary widely 
from about 30,000 pounds. The maximum amount, as shown in the analyses, 
is 40,340 pounds an acre in Brown Silt Loam On Clay, Terrace. 

The sandy soils furnish examples of the lowest amounts of phosphorus in 
the county as well as of calcium and magnesium. Dune Sand contains but 740 
pounds of phosphorus, while River Sand contains only 5,200 pounds of calcium 
and 2,640 pounds of magnesium an acre. The comparatively small amounts of 
the mineral elements in the sandy soils may be due in part to the open texture 
which permits more rapid leaching, but is also undoubtedly due in part to the 
chemical composition of the parent material out of which the soil has been 
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formed. The texture of the sandy soil encourages deep penetration by the roots 
of crop plants and the resultant increase in the scope of the feeding zone offsets 
to some extent the lower concentration of the elements above mentioned in these 
soils. 

The largest amounts of phosphorus, calcium, and magnesium are all to be 
found in Stony Loam, a soil occupying but 78 acres in the county, and of no 
great agricultural importance. These amounts are: phosphorus, 2,360 pounds, 
ealeium, 51,180 pounds, and magnesium 29,960 pounds an acre. 


THE MIDDLE AND LOWER SAMPLING STRATA 


In Tables 3 and 4 are recorded in a similar manner the amounts of the plant- 
food elements in the middle and lower sampling strata. In comparing these 
strata with the upper one, it will be noted that the majority of the soil types 
diminish rather rapidly in organic matter and nitrogen with increasing depth, 
while the percentages of the other elements for the most part remain about the 
same and in some cases increase slightly in the lower strata. In making these 
comparisons, it is necessary to bear in mind that the data as given for the middle 
and lower sampling strata are on the basis of 4 million and 6 million pounds of 
soil, and should therefore be divided by two and three, respectively, thus con- 
verting them to a uniform basis of 2 million pounds, before comparing them 
with each other or with the data for the upper stratum. 

It is frequently of interest to know the total supply of a plant-food ele- 
ment accessible to the growing crops. While it is impossible to obtain this in- 
formation exactly, especially for the deeper-rooted crops, it seems probable that 
practically all the feeding range of the roots of most of our common field crops 
is included in the upper 40 inches of soil. By adding together for a given soil 
type, the corresponding figures in Tables 2, 3, and 4, the total amounts of the 
respective plant-food elements to a depth of 40 inches may be ascertained. 

A wide range of variation with respect to composition is found to occur 
in the sub-layers as well as in the top layers of the various soil types. The tables 
reveal further that there is not only this wide diversity among the different soils 
with respect to a given plant-food element, but that there is also a great varia- 
tion with respect to the relative abundance of the various elements within a 
. given soil type as measured by crop requirements. We may compare in this 

way, the two most extensive soil types in the county, namely Brown Silt Loam 
and Yellow Silt Loam, both upland types. The respective amounts of nitrogen 
in the two soils to a depth of 40 inches are 15,950 and 5,680 pounds an acre, 
equivalent to the nitrogen contained in the same number of bushels of corn, 
since a bushel of corn contains approximately a pound of nitrogen. The Brown 
Silt Loam thus contains nearly three times as much of this element as the Yellow 
Silt Loam. With regard to the phosphorus and potassium content of the two 
soil types, there is no significant difference. The former contains 6,210 pounds 
of phosphorus, which is equivalent to 36,600 bushels of corn, as compared to 
5,790 pounds in the latter, equivalent to 34,100 bushels of corn. The total 
amounts of potassium in the two soil types, respectively, are 206,210 and 201,160 
pounds, equivalent to approximately 1,085,000 bushels of corn. 
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TABLE 2,—PLANT-Foop ELEMENTS IN THE Sorts or Rock Istanp County, ILuiNors 


1413 


Upper SAMPLING STRATUM: 


Axsoout 0 To 6% INcHES 


Average pounds per acre in 2 million pounds of soil 


ae Total | Total bs Total | Total Total 
oil type organic] nitro- | phos- potas- jmagne- ° 
earbon|] gen |phorus sulfur sium | sium calcium 
Upland Prairie Soils (500, 800) 
Brown pit boam. ....2.sscren 64 380] 5 070] 1 330] 950] 34 000] 7 870) 9 840 
Brown Fine Sandy Silt Loam. . .| 43 340} 3 720) 1 260) 860} 32 700) 6 560} 9 020 
Brown Fine Sandy Loam.......} 46 420} 4 060) 1 280} 760) 32 080} 14 520) 9 220 
Brown- ne Silt Loam On Tight 
Clay. . f .....| 50 900} 3 980] 1 020} 740} 32 020] 7 440] 12 100 
plead Timber Soils (500, 800) 
Yellow-Gray Silt Loam........| 25 790] 2 330] 920] 630] 35 3380] 5 090) 7 640 
Mellow out Loam. .4: :..cheme tas 20 770} 1 950) 940) 500} 32 700} 8 100} 7 720 
Yellow-Gray Fine Sandy Silt 
MERI eee. vis sie aos Cre pee 29 540} 2 520) 1 260} 540] 34 780} 6 900) 10 700 
Yellow Fine Sandy Silt Loam. ..} 15 860) 1 660} 870) 470} 33 570) 6 270) 8 390 
Yellow-Gray Fine Sandy Loam .| 32 510) 2 850] 1 000} 860] 32 810) 5 450) 8 570 
Yellow Fine Sandy Loam....... 14 720} 1 500} 870} 460} 32 350] 12 260) 22.310 
Mixed Sand and Loess.........] 14 240] 1 240} 740] 780} 25 700) 3 940} 12 260 


Residual Soils (000) 


(panama Fine Sandy Silt 
By Loan 
River Sand!. . 


Black Clay Loam. vie wesesettaba ebro h al ais 
51 000] 4 780) 1 
"67 990] 5 620 
‘1106 640] 8 870] 1 
165 075|14 410] 1 


Drah Clay... -.:-.---4 ea 
Black Mixed Loam?............ 
IDrabiClayclboam 2. > a/-em oes 


.5|Black Mixed Loam On Rock?. 


HOCBTEE CALS Hes. core sists oclee ater 
Clavevalinck*y or. «7 2. en eee 


27 430) 2 540} 1 
60 700] 5 740) 1 


Stony Loam..................| 85 240| 7 760] 2 360) 1 640] 22 180) 29 960] 51 180 
Rock Outcrop!....... 22.0 se diese} ens oes s]ee o0cale le accel s «> ace \e ie iin ir 
Terrace Soils (1500) 
Brown out OEM, . va. oncte sein 71 520] 6 060| 1 580| 1 540} 30 300) 8 960] 18 180 
.1/Brown Silt Loam On Clay...... 42 520} 3 540; 1 340) 840) 40 340} 8 640) 11 540 
Brown-Gray Silt Loam On Tight 
ROL iis vie 5 s)s oui la o atera eee Raveavansi| Ras ste. oil PARR ote oan on} dua: yes ell eae teare 
Brown Sandy Loam...........| 38 520} 3 260} 1 150} 670} 28 290) 5 570) 10 150 
Brown Fine Sandy Loam....... 37 100) 2 940} 1 100; 900) 32 540) 4 860) 7 320 
.4|Brown Sandy Loam On Gravel .| 28 320} 2 140) 1 060) 720) 23 640). 4 520} 8 480 
.5|Brown Sandy Loam On Rock. ..| 66 600] 5 660) 1 460} 940) 26 280] 4 680! 9 080 
Brown-Gray Sandy Loam On 
PRI ROLS Y=...’ . = erie ee eee 49 600) 4 540) 1 260, 980) 27 600} 4 040) 6 340 
Yellow-Gray Sandy Loam...... 14 340} 1 060) 800; 380} 29 140) 2 880) 6 060 
.1/Yellow-Gray Sandy Loam On 
CEA RAGS OEE teat ma potse oa 26 780) 2 240; 900)- 480) 34 800} 4 900) 10 380 
IREVOROOADG is c/s4 ces eter 14 880} 1 160} 800) 720) 25 220) 2 640} 5 200 
UIC SAN 2,25 cam «0 nea 14 200} 920} 740) 700! 24 160) 2 860) 7 560 
COTA VClLY. WORM... +i; 002 niet 31 040] 2 540} 1 060} 920] 24 920} 5 760] 9 800 
Swamp and Bottom-Land Soils (1400) 
Deep Brown Silt Loam......... 55 390] 4 700) 1 450) 980) 30 990] 8 250) 13 620 
Maxegi osm? 2 ::\t. cic. eee meeolee eT Perr err ace oe cece ies. oe se wee 
Brown Sandy Loam............ 33 810) 3 110} 1 370} 830) 27 930] 5 530) 11 910 


780| 33 350] 10 870| 20 900 
920| 24 620] 6 340] 10 020 
380| 960} 34 160] 13 060} 14 220 
"2 050] 1 040] 35 190| 11 080) 15 530 
360| 1 460| 13 150| 7 160| 12 830 
090| 2 910] 18 750| 5 400| 10 450 


LIMESTONE and SOIL ACIDITY.—In connection with these tabulated data, it should be 
explained that the figures for limestone content and soil acidity are omitted not because of any 
lack of importance of these factors, but rather because of the peculiar difficulty of presenting in 
the form of numerical averages reliable information concerning the limestone requirement for a 


given soil type. 


A general statement, however, 


will be found concerning the lime requirement 


of the respective soil types in connection with the discussions which follow. h 


1Not analyzed. 
2On account of the heterogeneous character of the Mixed Loams, chemical analyses are not 
included for these types. 
Amounts reported are for 1 million pounds of Deep Peat. 
4Amounrs reported are for 114 million pounds of Clayey Muck. 
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TaBLe 3.—PLANT-Foop ELEMENTS IN THE Sorts or Rock IsLANp County, ILurNors 
Mippie Samptine Stratum: Asout 624 ro 20 IncHEs 


Average pounds per acre in 4 million pounds of soil 


Soil : Total | Total | Total Total Total | Total Total 
type Soil type organic} nitro- | phos- Than potas- |magne- ex 
No. earbon| gen |phorus|S“/""| ‘sium | sium |°#/¢!um 
Upland Prairie Soils (500, 800) 
526 |Brown Silt Loam..... ..| 86 480] 6 920] 2 200] 1 370] 69 800] 19 760] 19 770 
841 |Brown Fine Sandy Silt Loam. ..| 54 360] 5 000] 2 440] 1 240] 65 680) 18 880} 18 280 
871 |Brown Fine Sandy Loam....... 53 280} 5 160} 1 960) 1.200) 65 560} 16 840} 18 160 
528 |Brown-Gray Silt Loam On 
“DTC CL OR SA 42 800} 3 880} 1 440 800} 66 000} 18 880) 20 200 
Upland Timber Soils (500, 800) 
534 |Yellow-Gray Silt Loam......... 17 520] 2 190] 1 700} 780] 71 060] 16 700| 14 940 
535 |Yellow Silt Loam So hp aPC e 14 660} 1 810) 1 730 680} 66 380) 19 420) 21 570 


LDL ar ee 22 840) 2 320) 2 320 880) 71 640} 15 320) 15 160 
845 Mellow 1 Fine Sandy Silt Loam. ..| 13 760] 1 620) 2 160} 800} 68 100} 15 O80} 20 460 
874 |Yellow-Gray Fine Sandy Loam .| 29 380} 2 800] 1 620) 1 100] 68 860] 15 800} 17 020 
875 |Yellow Fine Sandy Loam. . 12 160} 1 700] 1 880} 520} 62 520} 28 540) 62 840 
876 |Mixed Sand and Loess. ..| 19 400} 1 680} 1 320) 1 400} 54 320) 8 840} 20 360 


“Residual Soils (000) 
OOS iStony Loam!.............. Syn Sapa eae arene et ee | ee AEA | Bee os ee ee: 


Po GC Sr rr a “es A [A ene ea fee eres eer 
Terrace Soils (1500) 

Th2oreiprowm pit Loam.............. 85 240) 7 160] 2 560] 2 120] 62 160] 17 040] 28 680 

1526.1)Brown Silt Loam On Clay......| 72 960} 5 840} 1 960} 1 480} 82 000} 19 600} 23 880 


1528 |Brown-Gray Silt Loam On 
Tight Clay. . s '2\65 cael Erie a [Re 


1560 |Brown Sandy Loam . see...) 41 330} 3 250) 1 730] 1 080) 57 930; 10 580} 15 730 
1571 |Brown Fine Sandy Soil. . 48 360) 3 880} 1 920} 1 080} 66 480) 11 000) 17 760 
1560. 4/Brown Sandy Loam On Gravel . 42 880| 3 720) 2 160) 1 640) 50 600} 10 440) 19 040 
1560. 5|Brown Sandy Loam On Rock. ..| 83 080} 6 680) 2 240} 1 560} 51 920) 10 920) 20 440 
1568 |Brown-Gray Sandy Loam On 

Tight Clay .| 25 040} 2 400) 1 760} 1 000) 64 080; 9 200) 12 520 
1564 lcw-Gray Sandy Loam. 12 320} 1 120) 1 640) 400) 63 160} 7 160) 10 720 
1564. 1) Yellow-Gray Sandy Loam On 

TEE, poe Sanne 18 040} 1 840; 1 520 480) 73 240} 12 160) 14 920 
PoeOemimnver and. .<........6.ce sees 26 040) 1 960} 1 640} 1 000) 48 960} 6 040) 12 000 
Hsueeamersand...................| 12 160 760! 1 240] 1 080} 45 000} 5 240) 14 520 


UG) Chey 1 ay ha en pd 53 ee ea ee Poneneeree or ee 
Swamp and Bottom-Land Soils (1400) 


1426 |Deep Brown Silt Loam... /.....| 56 780] 4 720) 1 980] 1 400] 63 220] 16 600) 25 560 
et CENT os ess ban cis cele cute s| eae cele cee se[ecccecs ca A | Meese 
1460 |Brown Sandy Loam. ..| 36 660] 3 340} 2 260) 1 120! 51 900} 10 280; 24 080 
1444 |Yellow-Gray Fine Sandy Silt 
LASTS on A 41 740] 3 560| 2 260] 1 400} 66 020} 19 900) 49 960 
1461 |Black Sandy Loam. Pe-.| 45) 280)/"3:.520) 1 480 920) 48 480} 15 240) 19 760 
1480 |River Sand!.. Me i Mal fae de Oe ee ale Rei ree alae ee 
1420 Black Clay Loam. 3 rn 3.6 OREO SIG CE ROG IER Cee ease ee tells nc piers eee ee 
WADE ORADICLAY, Bio so. cee ee ws 58 160] 5 760) 2 000) 1 440} 64 040} 22 360} 27 720 
1450 Black Mined Loaix? TE A) Sols shel yaw sieves Oo Feta | Seed al Be eeaec al ieee tei oe 
e142 tee Drap Olay loam.............. 86 000) 7 240} 3 100] 1 680} 68 460] 21 540) 31 640 
- 1450. 5/Black Mixed Loam On Rock’.. Ther eee eA ie aN Inga raed hea hears ed eee es 
140 ew WeeprPeat® . oo. ek. ee ee -|206 880/16 600] 1 940] 2 400] 24 680] 14 780} 26 540 
Wats | Clavey, Muck). ..........52.05 209 600/17 280! 1 480] 3 360] 47 680] 9 520] 20 080 


LIMESTONE and SOIL ACIDITY.—See note in Table 2 
Not analyzed. 
- 2On account of the heterogeneous character of the Mixed Loams, chemical analyses are not 
included for these types. 
’Amounts reported are for 2 million pounds of Deep Peat. 
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TaBLy 4,—PLAN?T-Foop ELEMENTS IN THE Sors oF Rock IsuAnp County, ILLINors 
Lower SAMPLING Stratum: Asour 20 To 40 IncHEs 


Average pounds per acre in 6 million pounds of soil 


aa ings Total 


~ Soil Total | Total | Total Total Pit 


ach Ay et Total 
type Soil type organic] nitro- | phos- potas- |magne-| | 
No. carbon | gen |phorus sulfur sium sium calcium 
Upland Prairie Soils (500, 800) 
526 |Brown Silt Loam.. .. ..| 28 860] 3 960} 2 680} 1 020/102 410] 42 140] ,29 700 
841 |Brown Fine Sandy Silt Loam. ..| 28 980] 3 180] 3 120] 1 260] 97 560] 34 260] 36 480 
871 |Brown Fine Sandy Loam. ......| 29 940} 3 420] 2 520} 1 440/102 540} 30 780) 26 760 
528 |Brown-Gray Silt Loam On 
pot els eee er 22 260} 2 700} 3 000} 1 380} 97 500} 40 920) 388 100 
; U aia Timber Soils (500, 800) M50 
534 |Yellow-Gray Silt Loam......... 15 610) 2 140} 3 400] —920|102 O80} 35 220) 27 660 
535 |Yelow Silt Loam... . ..| 18 040} 1 920) 3 120) 900/102 080} 46 920) 64 120 


844 |Yellow-Gray Fine Sandy Silt 

Loam. ..| 21 900} 2 400} 3 380) 1 140/103 140) 28 080) 32 640 

845 [Yellow Fine Sandy Silt Loam. ..| 10 650} 1 320! 3 660] 840] 99 840| 45 780| 89 160 

874 |Yellow-Gray Fine Sandy Loam .| 18 3800} 2 270) 2 970) 1 470)104 280) 27 120} 31 080 
1 


875 {Yellow Fine Sandy Loam.......| 10 560} 1 500) 3 060) 750) 93 900] 36 990] 76 890 
876 |Mixed Sand and Loess ......{ 16 860} 1 320} 1 920} 1 140} 84 540) 13 680} 35 220 
Residual Soils (000) 

Came SCOR ORR cs ius «bec sos Wareeeeeemare Se lee meee tl aecreeeen mee sae eaee 

CE ELOGIC OUEGRODS . 5 is cis do aiceek beau mere elie eames ws 4 naa] oe cles | en 
Terrace Soils (1500) 

1526 [Brown Silt Loam.............. 22 560) 3 060) 3 540! 1 680] 938 420) 60 720|100 680 
1526. 1/Brown Silt Loam On C lay. .| 41 100) 4 440) 2 940) 1 200/131 640} 51 000) 40 440 
1528 |Brown-Gray Silt Loam On 

WgHE ORGVE: os dn <u chev cree cbt Rene eee ae a ae + oo diet et eR EE 
1560 |Brown Sandy Loam...........| 23 100) 2 200] 1 980} 1 O80) 96 420; 18 700) 25 420 
1571 |Brown Fine Sandy Loam....... 28 200) 2 880} 2.640] 1 020,100 320} 18 540) 26 820 
1560. 4/Brown Sandy Loam On Gravel!.].......]......]....-- «sos eof oe ie/ «tetera ets 
1560. 5)Brown Sandy Loam On Rock! ..}......./......|...-.- Me ee 
1568 |Brown-Gray Sandy Loam On 

Tight Clay... .. ....| 15 360} 1 380) 3 000) 1 320) 75 540} 16 500) 18 960 
1564 |Yellow-Gray Sandy ‘Loam......| 13 740] 1 320] 2 460 _ 660) 91 260) 15 480) 15 960 
1564. 1) Yellow-Gray Sandy Loam On 

Clay... 2.0... ........+..4.] 19 860} 2 700] 3 660} 900/114 060] 28 140) 28 380 
1580 |River Sand...................| 15 300} 1 500} 1 800; 540) 72 780) 10 020) 20 040 
1581 |Dune Sand...................| 18 180} 720) 1 620} 1 380) 68 280) 9 300) 26 160 
1590 [Gravelly Loam! ME Pc oe Solace cee 


Swamp and Bottom-Land Soils (1400) 


1426 |Deep Brown Silt Loam... ......| 29 610] 3.060] 2 610] 990] 99 060] 28 680] 38 040 
1454 |Mixed Loam?. rn es) En EE 
1460 |Brown Sandy Loam... . ..| 28 230] 2 190) 2 820] 1 230] 75 660} 14 610) 30 990 
1444 | Yellow- Gray Fine Sandy Silt 

Loam. wee veeass.-| 76 620; 6 510] 4 170} 1 500} 96 840) 36 060) 82 080 
1461 |Black Sandy ‘Loam............| 35 460] 2 580] 1 620! 1 080| 73 200] 24 720] 28 500 
1480: -|Raver Sandt.. ees tefle ee oe eficc 00 wclfic ee 0 cnclf'ncoes aca lC-ecnens ane tia 
1420 Black Clay Loam!.............{sccccsafeccsacles ce cefes cc cul can utter! 
Ma Ore pClanraie sek! Sta, Smee 50 040} 4 920} 2 940 780| 96 000] 33 240} 39 060 
1450 inte Weed Louk ey) PR re SE 
1421 |Drab Clay Loam. ..| 61 740) 4 800) 4 230} 1 980/103 230) 30 600] 389 750 
1450, 5|Black Mixed Loam On Rock’. vel wir Ga] cw we aa face wc etce [ids a ane of otal rr 
1401 |Deep Peat’. ; _../154 350/10 020] 1 680] 2 160] 13 830] 26 640] 32 640 
1413 |Clayey Muck. ad .| 29 970] 2 520} 1 O80] 1 560] 67 200} 11 160} 19 020 


LIMESTONE a SOIL ACIDITY, —See note in Table 2. 


1Not analyzed. 

2On account of the heterogeneous character of the Mixed Loams, chemical analyses are not 
included for these types. “4 

‘Amounts reported are for 3 million pounds of Deep Peat. 
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These two soil types vary widely in ealeium content, the amounts contained 
to a depth of 40 inches being 59,310 pounds in Brown Silt Loam and 93.410 
pounds in Yellow Silt Loam. The relative amount of calcium is not of so great 
importance direetly in connection with the corn crop as it is with respect to 
legumes. Since a ton of red clover hay contains approximately 29 pounds of 
calcium, these two soils contain as much calcium as would be removed in 2.040 
and 3,220 tons of red clover, respectively. Three other soil types contain ex- 
ceptionally large quantities of calcium. In all eases it is due to the presence of 
calcium carbonate (limestone) in the subsoil, the third sampling stratum beine 
the only stratum exhibiting a high calcium content. These types are Yellow 
Fine Sandy Loam, Yellow Fine Sandy Silt Loam, and Brown Silt Loam, Ter- 
race. In each ease only one of the samples collected for the type contains eal- 
cium carbonate and then only in the lower stratum sampled. The other areas 
no doubt contain caleium carbonate, but it oeeurs below the 40-inch depth reached 
in sampling, and is therefore of no very great value to growing crops. 

These statements are not intended to imply that it is possible to predict how 
long it might be before a certain soil would become exhausted under a given 
system of cropping. Neither do the figures necessarily indicate the immediate 
procedure to be followed in the improvement of a soil, for other factors enter 
into consideration, aside from merely the amount of plant-food elements present 
in the soil. Much depends upon the nature of the crops to be grown as to their 
utilization of plant-food materials, and much depends upon the condition of 
the plant-food substance themselves as to their availability. Finally, in plan- 
ning the detailed procedure for the improvement of a soil, there enter for econ- 
sideration all the economic factors involved in any fertilizer treatment. Such 
figures do, however, furnish an inventory of the total stocks of the plant-food 
elements that can possibly be drawn upon, and in this way these chemical data 
contribute fundamental information for the intelligent planning in a broad way 
of systems of soil management for conserving and improving the fertility of 
the land, : 


DESCRIPTION OF SOIL TYPES 


(a) UPLAND PRAIRIE SOILS 

The upland prairie soils of Rock Island county occupy 72.61 square miles, 
or 16.91 percent of the area of the county. Most of the prairie soils are found 
south of Rock river. However, small areas of prairie soils are found on the 
island-like tract of upland between Meredosia slough and Hampton, and a few 
areas on the upland between Rock Island and Carbon Cliff. The dark color of 
the prairie soils is due to the accumulation of organie matter which is derived, 
very largely, from the fibrous roots of the prairie grasses. The network of grass 
roots was protected from rapid and complete decay because of the exclusion of 
oxygen by the covering of fine moist soil and mats of vegetative material of old 
grass and leaves. On the native prairies, the stems and leaves were usually 
burned in part by prairie fires or disappeared in part by decay. This surface 
accumulation, which was constantly renewed, added but little organic matter 
to the soil directly, but the decay of the prairic-grass roots was retarded con- 
siderably by it. 
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Brown Silt Loam (526) 


Brown Silt Loam covers an area of 65.74 square miles, or 15.32 percent of 
the county. In topography, it varies from undulating to rolling. The undulat- 
ing areas occur south of Rock river from the vicinity of Edgington to Taylor 
Ridge. In portions of the Brown Silt Loam area, erosion has been so active as 
to remove the surface soil and expose the subsoil. These areas were mapped as 
Yellow Silt Loam. It is a common practice to leave small gullies and places 
which erode easily in permanent grass, thus controlling the difficulty. The 
Brown Silt Loam in the north part of the county, east of Port Byron, has an 
appreciable amount of fine sand in the surface soil, owing to its nearness to the 
sandy areas to the west. 

The surface soil, which is about 8 inches in depth, is a silt loam varying in 
color from brown to grayish brown and in some eases an appreciable amount of 
fine sand is found. The subsurface, extending from 8 to 19 or 20 inches in 
depth, varies from a drabbish brown to a yellowish brown silt loam, the former 
occurring where the surface has a gray cast. The upper portion of the subsoil, 
19 to 32 inches, varies from a plastic, compact, drabbish gray or drabbish yellow. 
silty clay loam to a yellow silt loam, sploteched with bright yellow iron concre- 
tions. The lower part, below 32 inches, is usually a friable, mottled, yellow silt 
loam, splotched with bright yellowish red iron concretions. 

Management.—The tests made indicate that this type is not strongly acid. 
Much of it will grow red clover fairly well without the addition of limestone, but 
the successful growth of alfalfa or sweet clover usually requires the application 
of 2 or 3 tons of limestone an acre. The need for limestone and the amount re- 
quired should be determined in detail for each field, either with the assistance 
of the county farm adviser or thru correspondence with the Experiment Station. 

The successful management of this type requires that adequate provision 
be made for the maintenance of the nitrogen and organic matter thru the use 
of farm manure, crop residues, and clover, preferably sweet clover. The first 
step in carrying out this program is the application of limestone; if needed. 

The portions of this type which have a gray cast are very similar to the soil 
upon which the Aledo experiment field is located. A discussion of the results 
from this field will be found in the Supplement. to this Report (see page 54). 
It will be noted that comparisons are being made in the phosphate experiments 
between acid phosphate, steamed bone meal, basic slag, and rock phosphate, both 
with and without lime. 

While the information available regarding the phosphate fertilization of 
soil similar to that upon which the Aledo field is located is not so conclusive as 
we would wish, yet all of the information available indicates that if the nitrogen 
and organic matter are maintained by the use of clovers, manure, and crop resi- 
dues, rock phosphate and basic slag may be used at a good profit. 

The reader is referred to the Supplement to this Report for the results of 
field experiments on Brown Silt Loam at Kewanee, Galesburg, and Urbana, and 
asked to give the problem of phosphate fertilization careful study, since it is 
much easier to maintain the crop-producing power of a soil than it is to restore 
it after the yields have begun to decline, 
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Brown Fine Sandy Silt Loam (841) 

Brown Fine Sandy Silt Loam covers an area of about six square miles, 
or 1.37 percent of the county. This is one of the loess soils and is found in the 
north part of the county between Meredosia slough and the Mississippi river. A 
few areas occur also in the southwestern part of the county. The undulating 
to rolling topography of this type was caused by the action of the wind in the 
formation of sand ridges. 

The surface soil, which is about 8 inches in depth, is a brown, fine sandy 


. siltloam. The subsurface to a depth of 20 inches is a yellowish brown, fine sandy 


silt loam. The upper 14 inches of the subsoil is a friable, yellow, fine sandy silt 
loam, while below 34 inches, it is a light reddish yellow, fine sandy loam. 

Management— Brown Fine Sandy Silt Loam is well adapted to the growth 
of alfalfa, but since no carbonates occur within 40 inches of the surface, it is 
very necessary to apply limestone before seeding either alfalfa or sweet clover. 
The assistance of the county farm adviser or Experiment Station should be 
secured in determining the proper amount of limestone to use. The friable nature 
of this type favors deep root penetration and it seems unlikely that phosphate 
fertilization will pay unless it be in the case of wheat. After adequate provision 
has been made for supplying nitrogen and organic matter by the growth of 
elovers and use of farm manure and ¢rop residues, the trial of rock phosphate 
at the rate of about 1,000 pounds an acre, acid phosphate at the rate of about 
300 pounds per acre, or basic slag at the rate of about 500 pounds an acre for 
wheat is advised. The rock phosphate should be applied prior to plowing for 
wheat and the other materials after plowing and worked into the soil as the 
seed bed is being prepared. 


Brown Fine Sandy Loam (871) 


Brown Fine Sandy Loam occupies 601 acres, or .22 percent of the county. 
Nearly all the areas are in the western part of the county in the timbered deep 
loess area. The type is of a rolling topography owing to the action of the wind 
that has deposited the fine sandy loam in dune-like formation. Most of this land 
has been left in permanent pasture. 

The surface soil, which is about 8 inches in depth, is a brown fine sandy loam, 
mealy in texture. The subsurface, 8 to 21 inches, is a brownish yellow, fine 
sandy loam. The subsoil in the upper 14 or 15 inches is a rather heavy, fairly 
compact, yellow, sandy silt loam, and in the lower part, a yellow silt loam with 
an appreciable amount of fine sand. 

Management.—The recommendations made for the management of the pre- 


- ceeding type, Brown Fine Sandy Silt Loam, apply also to this type. 


Brown-Gray Silt Loam On Tight Clay (528) 


There are only about 64 acres of Brown-Gray Silt Loam On Tight Clay, 
Upland, mapped in Rock Island county. 

The surface soil, extending to a depth of 7 or 8 inches, is a brown silt loam 
with a gray cast. From a depth of 8 inches to 16 or 18 inches, the subsurface 
is a floury to gritty, gray silt loam mottled with brown. The upper part of the 
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subsoil is a drab to grayish drab clay, tough and plastic, and very impervious 
to the penetration of water. The lower part of the subsoil, below 32 inches, is 
a somewhat friable, sandy, drabbish yellow, clay loam to silty clay loam. 

Management.—This type is strongly acid and is not well supplied with 
nitrogen and organic matter. Because of the impervious subsoil, surface drain- 
age must be depended on for the removal of excess water. 


(b) UPLAND TIMBER SOILS 


The upland timber soils are found well distributed thruout the county, ad- 
jacent to the streams. Usually, they are characterized by a yellow or yellowish 
gray color, owing to the low organic-matter content. This lack of organic mat- 
ter has been caused by the long-continued growth of forest trees. As the forests 
invaded the prairies, the following effects were produced: the shading of the 
trees prevented the growth of grasses, the roots of which are mainly responsi- 
ble for the large amount of organic matter in the prairie soils; and the trees 
themselves added very little organic matter to the soil, for the leaves and branches 
either decayed or were destroyed by forest fires. The timbered soils cover about 
210 square miles, or practically half the area of the county. 


Yellow-Gray Silt Loam (534) 


Yellow-Gray Silt Loam occupies the flat to undulating areas of timber soil 
near the streams. It will be noted on the map that near the headwaters of the 
small streams Brown Silt Loam occurs adjacent to the Yellow Silt Loam. This 
is an unusual condition, probably brought about by the cireumstance that head- 
water erosion has been so rapid that there has not been time for the usual timber 
erowth. This type occupies 43.64 square miles, or 10.18 percent of the area of 
the county. 

The surface soil, which is about 5 inches in depth, varies from a brownish 
yellow to either a brownish or a yellowish gray, silt loam. The texture of this 
type is coarser near the deep loess, owing to the action of the wind in distributing 
fine sand over it. The subsurface, which extends to a depth of 18 or 19 inches, 
varies from a mottled, light yellow to yellow, silt loam. The upper stratum of 
the subsoil is about 10 inches thick and varies from a compact, mottled, light 
yellow silt loam to a compact, mottled, yellow, silty clay loam. The lower stratum 
of the subsoil varies from a mottled, light to golden yellow, friable silt loam and 
contains many yellow and red iron coneretions. 

Management.—This type is usually acid in the surface, tho not strongly so, 
and is nearly always more acid in the subsurface and subsoil than in the surface. 
The degree of acidity indicates that an application of 2 or 3 tons of limestone 
an acre is necessary for the growth of alfalfa or sweet clover. Red clover can © 
be grown on portions of the type without the addition of limestone. Before 
applying limestone, the assistance of the county farm adviser or of the Experi- 
ment Station should be secured to determine the exact rate of application. 

This soil is very low in organic matter and runs together badly after rains. 
The first step in its improvement is the application of the right amount of lime- 
stone, and the second, the growth of clover, preferably sweet clover. It is an 
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excellent plan to pasture the sweet clover the fall of the first year and turn it 
under for corn the spring of the second year. The phosphorus content of this 
soil is not high. It is suggested, therefore, that after the nitrogen and organic- 
matter deficiency has been met, at least in part, trial be made of the various 
phosphates. 


Yellow Silt Loam (535) 


Yellow Silt Loam covers 77.55 square miles, or about 18 percent of the 
area of the county. As mapped, it is the eroded portion of the timber soils from 
which much or all of the surface soil has been removed by washing. The 
topography of the type varies from strongly undulating to rough and broken. 
The slopes are longer and steeper near the river bluffs than they are farther 
back. The timber has been removed from practically the entire area. Portions 
of it have been allowed to grow up in underbrush and are of no value as sources 
of timber and of little value as pasture. Other portions are being farmed, fre- 
quently with disastrous results because of washing. In places where grass has 
been allowed to grow for some time, a shallow, yellowish brown, surface soil has 
been developed. 

The exact character of this type varies greatly because of differences in 
vegetation and amount of washing. The surface to a depth of 4 or 5 inches is 
usually a grayish yellow or brownish yellow silt loam. The subsurface to a 
depth of 8 to 15 inches is a yellow silt loam. The subsoil is usually a somewhat 
plastic, yellow, silty clay loam. Till usually occurs at a depth of 4 to 10 feet 
and a stratum of yellowish red, sandy silt loam from 10 to 14 inches in thickness 
frequently occurs on top of the till. 


Management.—This type should, for the most part, be used for pasture, 
orcharding, or timber production. The less steep slopes may be farmed success- 
fully if special precautions are taken to prevent washing. This may be done by 
keeping some vegetation on the land as much of the time as possible, practicing 
contour tillage, terracing, and seeding the land to grass for a few years as soon 
as a tendency to wash becomes pronounced. 

This soil is but slightly acid and carbonates commonly, tho not always, oc- 
eur within one or two feet below the surface of the till. In no instances were 
carbonates found above the till. Alfalfa can be grown successfully on the less 
steep slopes of this type after a moderate application of limestone has been made. 
The exact rate of application of limestone should be determined with the assist- 
ance of the county farm adviser or thru correspondence with the Experiment 
Station. Good use may be made of much of this land as sweet clover pasture 
after limestone has been applied. No treatment other than the application of 
limestone and the provision for increasing the nitrogen and organic-matter con- 
tents of the soil is advised. (See account of Vienna field experiments, page 62.) 


Yellow Fine Sandy Silt Loam (845) 


Yellow Fine Sandy Silt Loam covers an area of 22.78 square miles, or 5.31 
percent of the area of the county. Most of the timber has been removed and culti- 
vated crops have been grown on the eroded hillsides until some of the areas have 
been abandoned because of erosion, or are producing very little. In some places 
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on this type, particularly in the western part of the county, wind action has 
been effective in forming sand dunes. 

The surface soil, which is about 4 inches in depth, varies from a brownish 
yellow or yellowish gray to a yellow fine sandy silt loam. The subsurface and 
subsoil are a yellow fine sandy silt loam. In a few instances, glacial till was 
found 10 to 12 feet below the surface. 


Management.—This type should ordinarily not be used for growing the 
grain crops. The more gentle slopes may be so used if proper precautions are 
taken to prevent erosion. Much of the area contains carbonates and, when such 
is the case no limestone is needed to grow alfalfa or sweet clover; in fact the 
latter is found yrowing wild on some portions of the area. Good use may be 
made of much of the type by growing alfalfa on the less steep slopes and sweet 
clover on those which are of intermediate steepness. Portions of the area may 
be used for oreharding and other portions should be used for timber production. 


Yellow-Gray Fine Sandy Silt Loam (844) 


Yellow-Gray Fine Sandy Silt Loam covers an area of 14.38 square miles, 
or 3.35 percent of the area of the county. This type is found on the upland 
immediately adjoining the bottom land. In topography it is the same as Yellow- 
Gray Silt Loam described on page 16. 

The surface soil, which is about 6 inches in depth, varies from a brownish 
yellow to a yellowish gray, fine sandy silt loam. The subsurface, extending to 
a depth of about 18 inches, is a mottled, yellow, fine sandy silt loam. The sub- 
soil occurs in two strata. The upper, to a depth of about 32 inches, is fairly 
compact and varies from a mottled, yellow, fine sandy silt loam to a yellow, 
silty clay loam splotched with bright red concretions. The lower part, below 
32 inches, is strongly mottled and varies from a light yellow to golden yellow, 
fine sandy silt loam, and contains bright yellowish red iron concretions. 


Management.—This type is very similar to Yellow-Gray Silt Loam (534) 
excepting that it does not run together so badly after rains, is somewhat easier 
to work, and is usually slightly less acid. It is very low in organic matter, how- 
ever, and requires the same management as suggested for Yellow-Gray Silt 
Loam to increase its productivity (see page 16). 


Yellow-Gray Fine Sandy Loam (874) 


Yellow-Gray Fine Sandy Loam is one of the loessial soils found adjacent 
to the Mississippi bottoms. It is undulating in topography and oceupies the 
same relative position with respect to adjoining soil types as does Yellow-Gray 
Silt Loam. It covers 25.80 square miles, or about 6 percent of the area of 
the county. 

The surface, which is about 6 or 8 inches in depth, varies from a brownish 
yellow to a yellowish gray, fine sandy loam. The subsurface, extending to a 
depth of about 19 inches, varies from a friable, yellowish brown to golden yellow, 
fine sandy loam. The upper 12 to 15 inches of the subsoil varies from a some- 


i 
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what compact, yellow silt loam to a yellow sandy silt loam. The lower part 
varies from a mottled, yellow, fine sandy silt loam to a mottled, yellow, fine 
sandy loam. 

Management.—This type is more open in structure than Yellow-Gray Silt 
Loam (534) and runs together less after rains. Its limestone requirement is 
about the same as that of Yellow-Gray Silt Loam, and it should be managed in 
the same way. It is an excellent alfalfa soil because of its open structure and 
also because carbonates usually occur within 40 or 50 inches of the surface, thus 
making it unnecessary to add as much limestone as in the ease of soils which 
have been leached to a greater depth. 


Yellow Fine Sandy Loam (875) 


Yellow Fine Sandy Loam, as mapped, consists of the eroded area of loess 
near the bluffs. Deep gullies have been formed by long-continued erosion. The 
timber has been largely cut off and the land farmed until much of it can no 
longer be used profitably for grain crops. The type occupies 22.48 square miles, 
or 5.31 percent of the county. There is usually no true surface or subsurface 
present because for the most part they have been eroded away. A thin surface 
soil, however, has been developed over small areas where the growth of grass has 
protected the soil from erosion. The soil to a depth of 40 inches is a yellow, fine 
sandy loam, open and easily penetrated by roots. 

Management.—This type, because of its rough topography, should be used 
for pasture, orchard, or timber. The depth to carbonates varies greatly. In 
places, strong effervescence with acid occurs at one foot below the surface, while 
in others no effervescence occurs to a depth of 25 feet. This soil will grow good 
alfalfa on the more gentle slopes after limestone has been applied. If either 
alfalfa or sweet clover is to be grown, the amount of limestone necessary should 
be determined with the assistance of the county farm adviser or of the Experi- 
ment Station. 


Mixed Sand and Loess (876) 


Small areas occur in the northern and western parts of the county in which 
the wind has deposited strata of different texture. Erosion has subsequently 
exposed these strata in places so that a great variety of soils is formed. The 
areas of the various soils are so small that they cannot be mapped separately 
and they have therefore been grouped together and called Mixed Sand and 

“Loess. The surface varies from brown to yellow in color and from a fine sandy 
loam to sand in texture. The subsurface varices in like manner. The subsoil, 
starting at a depth of about 18 inches, is usually a yellow sand. 


ne Management.—This soil is used chiefly for pasture. The lower brown-col- 


ored areas are excellent for gardening or for watermelon production. Probably 
one of the best uses which can be made of these areas is to apply sufficient lime 
‘to grow sweet clover for pasture. After this crop has been grown a few years, 
alfalfa probably can be successfully grown. 
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(c) RESIDUAL SOILS 
Stony Loam (098) 


Stony Loam is found in a few scattering areas lying mainly at the south- 
east of Cordova. It occupies only 70 acres and is of no agricultural importance. 


Rock Outcrop (099) 


Rock outcrop occurs as exposures of rock and the character of the rock deter- 
mines its value. There are several quarries near Moline and one in the eastern 
part of the county where limestone is being taken out. There are other exposures 
of shale and cherty limestone, neither of which has any agricultural value. 


(d) TERRACE SOILS 


Large areas of terrace soils occur in Rock Island ceunty because of the 
changes which have occurred in the river systems. They were formed by over- 
loaded and flooded streams which deposited an immense amount of material in 
the old channels. Later as the streams diminished in size or cut their channels 
deeper, new bottoms were developed, leaving the old flood plains above overflow, 
thus forming terraces. 

These terrace formations which were built up, for the most part, during 
and immediately following the Glacial period, were later covered to varying 
depths with wind-blown material from which the present soils were formed. 


Brown Silt Loam (1526) 


Brown Silt Loam, Terrace, occurs for the most part in Pleasant Valley and 
along Rock river. In many places, fine sandy outwash from the bluffs has been 
deposited upon the Brown Silt Loam. The type covers an area of 8.71 square 
miles, or 2.05 percent of the area of the county. Drainage is usually good altho 
small areas occur near the bluffs where seepage water causes wet spots. Many 
small intermittent streams deposit their water over the surface without follow- 
ing any definite channel, causing a temporary water-logged condition. 

The surface soil, extending to an average depth of 8 inches, varies from a 
brown silt loam to a brown, fine sandy silt loam. The subsurface, extending from 
8 to 20 inches, varies from a light brown to a yellowish brown, fine sandy silt 
loam. The subsoil below 20 inches is usually in two parts; the upper, usually 
14 or 15 inches in thickness, varies from a yellow, fine sandy silt loam to a some- 
what compact, grayish yellow, fine sandy loam; the lower varies from a some- 
what plastic, drab clay loam to a yellowish gray, fine sandy silt loam splotched 
with yellowish red iron coneretions. 

Management.—A large proportion of this type is not acid and in no ease 
was it found to be more than slightly acid. It is.a productive, easily worked 
soil and is adapted to any of the general farm crops. The more sandy portions 
near the bluffs are well adapted to trucking. The most important consideration 
in the management of this type is the provision for maintaining an adequate 
nitrogen supply. This can be done only by growing clover at regular intervals 
and plowing down a portion of the total growth. Sweet clover is unexcelled as 
a source of nitrogen and can be used to good advantage as a combination pasture 
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and green manure crop by pasturing it the fall of the first year and plowing it 
in for corn the spring of the second year. No experimental information is avail- 
able upon which to base recommendations for the fertilizer treatment of this 
type. It is suggested if any purchased fertilizer is used, that it be used in a 
limited way until its value or lack of value has been demonstrated. In no case 
should any fertilizer other than one of the phosphates be used excepting for 
truck crops. 


Brown Silt Loam On Clay (1526.1) 


Brown Silt Loam On Clay occurs in a few scattered areas in the northern 
part of the county and covers a total of only 64 acres. 

The surface soil, extending to 8 inches in depth, is a heavy brown silt loam. 
The subsurface, 8 to 16 inches, is a light brown silt loam mixed with some yel- 
lowish red sand. The subsoil in the upper 17 inches is a tough, brick-red clay. 
In the lower part, it varies from a brick-red sandy clay loam to a sandy silt loam. 

Management.—About 2 tons of limestone an acre should be applied to this 
type and sweet clover grown to be plowed down the spring of the second year 
for corn. Surface drainage is necessary as the upper stratum of the subsoil is 
too heavy and impervious to permit tile drainage. 


Brown-Gray Silt Loam On Tight Clay (1528) 


Brown-Gray Silt Loam On Tight Clay occurs in small isolated areas thruout 
the terrace. It is located in pockets or depressions that are not well drained. 
It covers an area of only 54 acres. 

The surface soil, which is about 4 inches in depth, is a grayish brown silt 
loam. The subsurface, extending to 14 inches in depth, is a gray silt loam 
splotehed with a few yellow iron concretions. The subsoil is found in two dis- 
tinct parts. The upper, extending to a depth of 34 inches, is a very sticky and 
compact gray clay, having some yellow clay streaks. The lower part, below 34 
inches, is a friable, grayish drab clay loam, splotched with some red iron con- 
cretions. 

Management.—This type is strongly acid and should receive about 4 tons 
of limestone an acre. Surface drainage must be depended on and sweet clover 
should be grown frequently. 


Brown Sandy Loam (1560) 


Brown Sandy Loam, Terrace, occurs in scattered areas thruout the Rock 
river and Mississippi river terraces, altho most of it is found along Rock river. 
The type covers 29.85 square miles, or about 7 percent of the area of the county. 
The sand content of this type varies from place to place. In the vicinity of 
River Sand (1580), the Brown Sandy Loam is underlain with sand. Near the 
bluffs, the fine sand content is high, owing to outwash material having been 
deposited at the base of the slopes. 

_ The surface soil, which is about 8 or 10 inches in depth, is a brown sandy 
loam, varying from medium to coarse in texture. The subsurface extending 
to about 18 inches, is a brown sand. The subsoil is a yellow sand. 
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Management.—This type is somewhat acid, tho not strongly so. It does 
not stand drouth so well as soils having a less coarse subsoil, and corn is likely 
to suffer from lack of moisture unless the rainfall is well distributed thruout the 
growing season. The small grains and soybeans are well adapted to this type. 
The frequent plowing down of leguminous green manure crops is advised, and 
also the use of all manure available. 


Brown Fine Sandy Loam (1571) 


Brown Fine Sandy Loam, Terrace, occurs in small seattered areas thruout 
the Mississippi and Rock river terraces. Most of the areas seem to have been 
formed by outwash from the bluffs. The type is not uniform because of the 
way in which it has been formed. It occupies 6.35 square miles, or 1.48 percent 
of the area of the county. 

The surface soil, extending to about 9 inches in depth, is a light brown to 
chocolate brown, fine sandy loam. The subsurface is a light brown, fine sandy 
loam. The upper part of the subsoil is a bright yellow, fine sandy loam, while 
the lower part below 36 inches is a slightly compact, yellow, sandy silt loam. 

Management.—This type is only slightly acid in the surface but frequently 
shows medium acidity in the subsurface and subsoil. It is a produetive, easily- 
worked soil and the friability of the subsoil favors deep root penetration. The 
nitrogen supply should be provided for by growing clovers and turning in a 
portion of the crop. No definite fertilizer treatment is recommended; however, 
it would be an excellent plan to determine by trial whether one of the phos- 
phates might not be used at a profit for wheat. 


Brown Sandy Loam On Gravel (1560.4) 


Brown Sandy Loam On Gravel covers only 2.47 square miles, or about .58 
percent of the area of the county. It occurs as small areas scattered thruout 
the terraces. It is slightly undulating in topography and is very sandy for the 
type. The gravel is usually near enough to the surface to be detrimental be- 
cause of its interference with the moisture supply for the growing crop. 

The surface, to about 8 inches in depth, is a coarse-grained, brown sandy 
loam. The subsurface, from 8 to 18 inches, is a light brown sandy loam. The 
subsoil, which on the average is about 6 or 7 inches in thickness, rests on the 
gravel layer or bed and is a yellow sand. The gravel is composed of well-rounded, 
small and medium-sized pebbles and stones. 


Management.—This type is not adapted to the general farm crops because 
of its drouthy nature. It is somewhat acid and is not well supplied with or- 
ganic matter. 


Brown Sandy Loam On Rock (1560.5) 


Brown Sandy Loam On Rock is a type of little importance. It covers less 
than one square mile and is found chiefly on Rock and Sylvan islands. — 

The surface soil, which extends to about 8 inches in depth, is a coarse- 
grained, brown sandy loam. The subsurface is a coarse-grained, yellowish brown 
sand and rests on limestone rock, which occurs at a depth of 20.to 22 inches 
below the surface. 
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This type is used chiefly for pasture and is suited to nothing else. Efforts 
have been made to grow clovers but with little success because of the drouthy 
nature of the soil. 


Brown-Gray Sandy Loam On Tight Clay (1568) 


Brown-Gray Sandy Loam On Tight Clay covers only about two-tenths of 
a square mile, or 128 acres. It is flat and usually found at a lower level than 
the adjacent soil types. 

The surface, to a depth of 4 inches, is a grayish brown sandy loam. The 
subsurface, extending to a depth of about 19 inches, varies from a brownish gray 
sandy loam to a gray sand. The subsoil is in two distinct strata; the upper 
stratum, which is 10 or 11 inches in thickness, is a plastic, very compact, gray 
sandy clay, with a few yellow splotches; the lower is a friable, brick-red, sandy 
silt loam. 

Management.—Provision for good surface drainage, the addition of lime- 
stone, and the growing of clovers, preferably sweet clover, are essentials in the 
management of this type. 


Yellow-Gray Sandy Loam (1564) 


Yellow-Gray Sandy Loam is undulating in topography and is found in small, 
seattering areas in the Rock river terrace. 

The surface soil, extending to about 5 inches in depth, varies from a brown- 
ish yellow sandy loam to a yellowish gray fine sandy loam, the latter occurring 
near the bluffs. The subsurface, 5 to 22 inches, varies from a yellow sandy silt 
loam to a yellow sand. The subsoil is in two fairly distinct parts; the upper, 
which is about 8 inches in thickness, varies from a yellow silt loam to a fairly 
compact, red sandy clay; the lower part, below 30 inches, varies from a yellow 
_ sandy silt loam to a brick-red, coarse-grained sand. 

Management.—This type is very similar to Yellow-Gray Fine Sandy Loam 
(874), except that most of the area is coarser in texture and carbonates do not 
oceur within the 50-inch section. The reader is referred to the discussion of 
the management of Yellow-Gray Fine Sandy Loam (874) and Yellow-Gray Silt 
Loam (534) for suggestions regarding the management of this type. 


Yellow-Gray Sandy Loam On Clay (1564.1) 

Yellow-Gray Sandy Loam On Clay is found in only one area of 32 acres 
located along the Mississippi river north of Port Byron. 

The surface soil, which is about 7 inches in depth, varies from brownish 
yellow to a grayish yellow sandy loam. The subsurface, extending to about 19 
inches in depth, is a grayish red sandy loam. The subsoil is a sticky, compact 
red clay with some sand and gravelly material mixed with clay making the 
lower part somewhat gritty. The area is in timber and pasture. 


River Sand (1580) 
Most of the River Sand, Terrace, is found in the northern part of the county, 
adjacent to Whiteside county. It occupies 10.36 square miles, or 2.42 percent 
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of the area of the county. Its tendency to drift has resulted in the formation 
of a typical dune topography. 

The surface soil, to a depth of about 7 inches, is a sharp-grained brown 
sand. The subsurface to a depth of about 20 inches, is a brownish yellow sand. 
The subsoil is a sharp, coarse-grained yellow sand. Both the subsurface and 
subsoil contains some fine gravel. 


Management.—Crop yields are low on this type. Wheat and rye are the 
principal crops grown. Quack grass is abundant. Farming should not be un- 
dertaken on it with extravagant expectations of making the soil highly productive 
by good farming methods and fertilizer treatment. Its productivity, however, can 
be increased by first applying limestone at the rate of about 2 tons per acre and 
erowing sweet clover as a source of much-needed organic matter and nitrogen. 
If purchased fertilizers of any kind are used, they should be used experimentally 
until it is shown that the increase in returns justifies the expenditure. The use 
of much of this land for timber production is advisable. For results from ex- 
periments on sand, see the account of the Oquawka field, page 64. 


Dune Sand (1581) 


Dune Sand occurs, for the most part, in the northern part of the county 
in conjunction with River Sand (1580). Small sand dunes and ‘‘blowouts’’ 
have been formed where the wind has had an opportunity to drift the sand. 
Very little vegetation grows on this type. Some wire grass and wild vetch are 
found, and black jack oaks oceur in places. The soil is a yellow sand from the 
surface to 40 inches or more and contains very little organic matter. This type 
is of little importance because of its small area and because it is of very little 
agricultural value. Experience has shown that this land may be made valuable 
by forestation, both as a source of timber and for pasture. 


Gravelly Loam (1590) 


Gravelly Loam consists of small areas in the northern part of the county 
and covers a total area of only 38 acres. It is used for pasture and is suited to 
nothing else. 


(€) SWAMP AND BOTTOM-LAND SOILS 


This group includes the bottom lands alorg the Mississippi and Rock rivers 
and their tributaries, and swamps and poorly drained lowlands. The soil is an 
alluvial formation and the land is largely subject to overflow. In former times, 
these swamps were lakes or part of the preglacial river channels. At the present 
time, the bottom lands along the Mississippi river in the western part of the 
county have been leveed, dredge ditches constructed, and pumping stations es- 
tablished, so that most of the area is cultivated. The total area of this group, 
consisting of thirteen soil types, occupies 7,963 square miles, or 18.57 percent of 
the area of the county. 


Deep Brown Silt Loam (1426) 


Deep Brown Silt Loam is the second largest area of overflow land in the 
county, comprizing an area of 17.51 square miles. Practically all the type is 
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located along the Mississippi river in the western part of the county and along 
Rock river. 

The surface soil, which is about 8 inches in depth, is a heavy brown silt 
loam containing an appreciable amount of fine sand. The subsurface, in the 
upper 8 inches, varies from a light brown sandy loam to a gray or drab sandy 
silt loam; in the lower part it is a black silt loam. The subsoil, which begins 
at about 22 inches, varies from a brownish yellow silt loam to a drab silt loam. 

Management.—This type is, for the most part, subject to moderate over- 
flow. It needs no treatment other than good tillage. 


Mixed Loam (1354, 1454) 


Mixed Loam occupies 31.26 square miles, or about 7 percent of the county, 
and is found along the Mississippi and Rock rivers and also along the tributary 
streams. This type, as mapped, is made up of a number of distinct types which 
occur in areas that are too small to be successfully separated; moreover, since 
much of the type is subject to overflow, it is constantly being changed. 


Management.—The overflow portions of this type require nothing more than 
good tillage. The portions which are no longer subject to overflow are becoming 
slightly acid and require the addition of light applications of limestone to grow 
sweet clover. Nitrogen should be supplied by growing clover crops at regular 
intervals and plowing down a portion of them. Probably no fertilizer treatment 
will prove profitable for many years. 


Brown Sandy Loam (1460) 


Brown Sandy Loam, Bottom, occupies an area of 5.17 square miles. 

The surface soil, to about 8 inches in depth, is a heavy brown sandy loam, 
with a rather high percentage of fine sand. The subsurface extending to 18 
inches is a yellowish brown sandy loam. The subsoil in the upper 12 or 14 
inches consists of a plastic, grayish yellow, silty clay loam with enough sand 
to make it gritty, while in the lower part it is a gray to yellow sand with splotches 
of bright red iron concretions. 

Management.—This type, as a rule, is not acid. It contains a higher per- 
centage of clay in the three upper strata than is usually the case with this type 
and it is therefore easier to maintain the organic-matter and nitrogen supply 
than in a more open soil. The subsoil is not favorable to deep root penetration 
and for that reason, particular care must be exercised in maintaining a rich 
surface and subsurface soil. No experimental information is available regard- 
ing the fertilization of this soil. It is suggested that the various phosphates be 
tried and that in making the trials it be borne in mind that wheat usually re- 
sponds to phosphate better than do other crops. 


Yellow-Gray Fine Sandy Silt Loam (1344, 1444) 
Yellow-Gray Fine Sandy Silt Loam, Bottom, covers an area of 6.42 square 
miles, or 1.49 percent of the area of the county. 
The surface soil to a depth of 6 inches, varies from a light brown to a 
yellowish gray, fine sandy silt loam. The subsurface extending to 20 inches in 
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depth is a yellowish gray, fine sandy loam. ‘The subsoil in the upper 10 inches 
is a yellowish gray sandy loam, while in the lower part it varies from a brown, 
fine sandy loam to a somewhat compact, yellow, clayey sand. 


Management.—This type is well supplied with carbonates and is an excellent 
alfalfa and sweet clover soil. It is not well supplied with nitrogen or organic 
matter and particular attention should be given to increasing the amount of 
these constituents by growing clovers. The reader is referred to the discussion 
of the management of Yellow-Gray Silt Loam (534) for further suggestions re- 
garding the management of this type (see page 16). 


Black Sandy Loam (1461) 


Black Sandy Loam occurs in a few low, poorly drained areas in the Rock 
river bottom. 

The surface soil, extending to a depth of 8 inches, is a black sandy loam. 
The subsurface, extending from 8 to 16 inches, varies from a black to a yellowish 
brown or yellowish drab sandy loam. The subsoil varies from a drab to a yel- 
low sand. Some of the areas have a gravel deposit of several feet in thickness 
at a depth of about 22 inches below the surface. This type, being poorly drained 
and also alkaline, is not productive. The area is small, and on the whole the 
type is of little importance. 


River Sand (1480) 


Only a few areas of River Sand, Bottom, were mapped in the county. It 
is similar to River Sand, Terrace (1580), excepting that it is not so well drained 
and is alkaline. 

The surface soil is a brown sand to a depth of 3 or 4 inehes, and the sub- 
surface and subsoil are yellow sand. 


Black Clay Loam (1420) 


Black Clay Loam occurs almost entirely in the Rock river bottom. It cov- 
ers an area of only 1.46 square miles. The areas of this soil type are usually 
lower in topography than those adjacent to them. 

The surface soil, extending to a depth of 8 inches, is a plastie black clay 
loam. The subsurface, 8 to 16 inches, is a drabbish black clay loam. The sub- 
soil in the upper 14 inches is a very plastic drab clay containing many snail shells, 
while below 30 inches, it is a drab clay loam and less plastic. 


Management.—This type is alkaline and the alkali salts may be sufficiently 
concentrated to require the use of potash to overcome their harmful effects. Good 
underdrainage will gradually lessen the amount of alkali. Particular care should 
be used in maintaining a good supply of organic matter in order to help main- 
tain a good physical condition and also to help in overcoming the effects of the 
alkali. No fertilizer treatment other than the use of potash, where necessary, 
is advised. 
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Drab Clay (1415) 


Drab Clay is found almost exclusively in the Mississippi river bottom. It 
is flat in topography, but has been fairly well drained thru the construction of 
levees and dredge ditches. It covers an area of 1.24 square miles, or .29 percent 
of the area of the county. 

The surface soil, to a depth of 7 inches, varies from a heavy, drabbish, silt 
loam to a plastic, drab, clay loam. The subsurface, 7 to 22 inches, varies from 
drab clay to mottled drab clay loam. The subsoil below 22 inches is drab clay. 


Management.—This type is well supplied with the elements of plant food 
with the exception of nitrogen, but the soil is hard to work unless the moisture 
conditions are just right. The type is usually not alkaline, and since being 
leveed and drained, is gradually becoming acid. It is very necessary to main- 
tain a good supply of fresh organic matter to help overcome the tendency to- 
wards poor physical condition and to furnish nitrogen for the growing crops. 


Drab Clay Loam (1421) 


Drab Clay Loam occurs in association with Drab Clay and often grades into 
that type. It has been formed where there has been very little current, so that 
the finest material has been carried in arid deposited. The topography is flat. 
Drainage has been established thru the ecnstruction of dredges. Drab Clay 
Loam is found in the Mississippi river bottoms along the west side of the county. 
Thru an error, the type name has been omitted from the legend on three sec- 
tions of the printed soil map. 

The surface soil, which is about 6 inches deep, varies from a heavy brown 
clay loam to a plastic drab clay loam. The subsurface gradually changes from 

_a drab elay loam to a plastic drab clay. The subsoil is a plastic, compact, drab 
‘elay. 

Management.—The management requirements of this type are the same as 

for Drab Clay (1415). 


Black Mixed Loam (1450) 


Black Mixed Loam was formed in low, poorly drained, swampy areas. Within 
recent years, most of the areas have been drained so that crops can now be 
grown. Most of the areas are located along Rock river and its former channels. 
The type covers 11.86 square miles, or 2.77 percent of the area of the county. 
| The surface soil, to a depth of 7 inches, varies from a black silt loam to a 
black sandy loam or peaty loam. The subsurface, 7 to 20 inches, is usually a 
black clay loam with an appreciable amount of sand. The subsoil in the upper 
12 inches is a drab clay loam containing considerable sand and gravel, and the 
lower part is a sticky drab clay. 


Management.—This is a productive type of soil when well drained. Alkali 

_ is present on some areas in sufficient concentration to necessitate the use of a 
potash salt, while on others the plowing-down of a good growth of sweet clover 
in the spring for corn is a sufficient corrective for this condition. No fertilizer 
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treatment other than the above treatment for alkali, when necessary, is advised. 
Adequate provision should be made for maintaining the nitrogen and the supply 
of fresh organic matter by the frequent growth of legumes. 


Black Mixed Loam On Rock (1450.5) 


Black Mixed Loam On Rock occurs in the Rock river bottom. The under- 
lying limestone rock comes to within less than 30 inches of the surface. The 
type occupies only .53 square mile. 

The surface soil, to a depth of 7 or 8 inches, is a sandy black elay loam. 
The subsurface, 7 to 17 inches, varies from a black to drabbish, silty clay loam, 
with the limestone at about 17 inches as a rule. In a few places, where the lime- 
stone occurs about'22 to 24 inches below the surface, the subsoil is a plastic 
yellow clay. 

This type is suitable only for pasture. 


Deep Peat (1401) 

Deep Peat occupies 2.61 square miles, or 1.21 percent of the area of the 
county. It occurs in areas which have been continuously wet, thus favoring the 
growth and accumulation of organic matter. 

The surface soil, to a depth of about 7 inches, is well-decomposed black peat. 
The subsurface differs from the surface in that it contains more elay. The sub- 
soil is rather variable in depth and in composition. It is usually peaty material 
down to about 30 inches and then a clayey muck. In places, the clayey muck 
occurs at a depth of 25 or 30 inches below the surface. 

Management.—The first requirement in the management of this type is good 
drainage. The type is likely to be alkaline and usually the application of potash 
is necessary; however, the high percentage of clay near the surface suggests 
that the use of potash may not be necessary unless alkali is present in harmful 
amounts. Acid phosphate has been found to give good results on this type in 
neighboring states; however, it should be used in an experimental way until 
its value or lack of value has been proved. 


Clayey Muck (1413) 


Clayey Muck occurs in the northeastern part of the county in Meredosia 
slough. It covers only .03 square mile, or 19 acres. 


APPENDIX 


EXPLANATIONS FOR INTERPRETING THE SOIL SURVEY 
CLASSIFICATION OF SOILS 


In order intelligently to interpret the soil maps, the reader must under- 
stand something of the method of soil classification upon which the survey is 
based. Without going far into details the following paragraphs are intended 
to furnish a brief explanation of the general plan of classification used. 

The type is the unit of classification and each type has definite character- 
isties. In establishing types, the following factors are taken into account: the 
character of the horizons composing the soil as to depth and thickness, physical 
composition, structure, organic-matter content, color, reaction, and carbonate 
content; the topography; the native vegetation; and the geological origin of 
the soil. 

Not infrequently areas are encountered in which type characters are not 
distinetly developed or in which they show considerable variation. When these 

\ variations are considered to have sufficient significance, type separations are 
made whenever the areas involved are sufficiently large. Beeause of the almost 
infinite variability occurring in soils, one of the exacting tasks of the soil sur- 
veyor is to determine the degree of variation which is allowable for any given 
type. 


*Since some of the terms used in designating the factors which are taken into account 
in establishing soil types are technical in nature, the following explanations are introduced: 

Horizon. A layer or stratum of soil which differs discernibly from those adjacent in 
color, texture, structure, chemical composition, or a combination of these characteristics, is 
called an horizon. 

Depth and Thickness. The horizons or layers which make up the soil profile vary in 
depth and thickness. These variations are distinguishing features in the separation of soils 

~ into types. 

Physical Composition. The physical composition, sometimes referred to as ‘‘texture,’’ 

is a most important feature in characterizing a soil. The texture depends upon the rela- 
' tive proportions of the following physical constituents: clay, silt, fine sand, sand, gravel, 
stones, and organie material. 

Structure. The term ‘‘structure’’ has reference to the aggregation of particles within 

tho soil mass and carries such qualifying terms as open, granular, compact. 

Organic-Matter Content. The organic matter of soil is derived largely from plant 
tissue and it exists in a more or less advanced stage of decomposition. Organic matter 
forms the predominating constituent in certain soils of swampy formation. 

Color. Color is determined to a large extent by the proportion of organic matter, but 

| at the same time it is modified by the mineral constituents, especially by iron compounds. 

J Reaction. The term ‘‘reaction’’ refers to the chemical state of the soil with respect 

to acid or alkaline condition. It also involves the idea of degree, as strongly acid or 
strongly alkaline, 

_ Oarbonate Content. Tho carbonate content has reference to the calcium carbonate 
(limestone) present, which in some cases may be associated with magnesium or other car- 
_ bonates. The depth at which carbonates are found may become a very important factor 
in determining the soil type. : 
(0 The diam Topography has reference to the lay of the land, as level, rolling, 

AY, OtC. 


Native Vegetation. The vegetation or plant growth before being disturbed by man, 


tore grasses and forest trees, is a feature frequently recognized in determining 
Geological Origin. Geological origin involves the ides of character of rock materials 
composing the soil as well as the method of formation of the soil. 
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Classifying Soil Types.—In the system of classification used, the types fall 
first into four general groups based upon their geological relationships; namely, 
upland, terrace, swamp and bottom land, and residual. These groups may be 
subdivided into prairie soils and timber soils, altho as a matter of fact, this sub- 
division is applied in the main only to the upland group. These terms are all 
explained in the foregoing part of the report in connection with the deseription 
of the particular soil types. 


Naming and Numbering Soil Types.—In the Illinois soil survey a system 
of nomenclature is used which is intended to make the type name convey some 
idea of the nature of the soil. Thus the name ‘‘Yellow-Gray Silt Loam’’ ear- 
ries in itself a more or less definite description of the type. It should not be 
assumed, however, that this system of nomenclature makes it possible to devise 
type names which are adequately descriptive, because the profile of mature 
soils is usually made up of four or more horizeus and it is impossible to deseribe 
each horizon in the type name. The color and texture of the surface soil are 
usually included in the type name and when material such as sand, gravel, or rock 
lies at a depth of less than 30 inches, the fact is indicated by the word ‘‘on,’’ and 
when its depth exceeds 30 inches, by the word ‘‘over’’; for example, Brown 
Silt Loam On Gravel, and Brown Silt Loam Over Gravel. 

As a further step in systematizing the listing of the soils of Illinois, reeog- 
nition is given to the location of the types with respect to the geological areas 
in which they occur. According to a geological survey made many years ago, 
the state has been divided into seventeen areas with respect to geological forma- 
tion and, for the purposes of the soil survey, each of these areas has been as- 
signed an index number. The names of the areas together with their general 
location and their corresponding index numbers are given in the following list. 

000 Residual, soils formed in place thru disintegration of rocks, and also rock outerop 

100 Unglaciated, comprizing three areas, the largest being in the south end of the state 

200 Illinoisan moraines, including the moraines of the Lllinoisan glaciations 

300 Lower Illinoisan glaciation, covering nearly the south third of the state 

400 Middle Illinoisan glaciation, covering about a dozen counties in the west-central part 
of the state 

500 Upper Illinoisan glaciation, covering about fourteen counties northwest of the middle 
Tllinoisan glaciation 

600 Pre-Iowan glaciation, but now believed to be part of the upper Illinoisan 

700 Iowan glaciation, lying in the central northern end of the state 

800 Deep loess areas, including a zone a few miles wide along the Wabash, Illinois, and 
Mississippi rivers 

900 Early Wisconsin moraines, including the moraines of the early Wisconsin glaciation 

1000 Late Wisconsin moraines, including the moraines of the late Wisconsin glaciation 

1100 Early Wisconsin glaciation, covering the greater part of the northeast quarter of the 
state 

1200 Late Wisconsin glaciation, lying in the northeast corner of the state 

1300 Old river-bottom and swamp lands, found in the older or Ilinoisan glaciation 

1400 Late river-bottom and swamp lands, those of the Wisconsin and Iowan glaciations 

1500 Terraces, bench or second bottom lands, and gravel outwash plains 

1600 Lacustrine deposits, formed by Lake Chicago, the enlarged glacial Lake Michigan 

For further information regarding these geological areas the reader is 
referred to the general map published in Bulletins 123 and 193. 

Another set of index numbers is assigned to the classes of soils as based 
upon physical composition. The following list contains the names of these classes 


with their corresponding index numbers, 
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Index Number Limits Class Names 
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RIMES Aero ietrss sistn 0, astptols’ gS. '015.</e Nie 46) sieves owe Gravelly loams 
SMR De tere sera iatetele c1<1% 6 /6\9's,0"s sj php eines» 5 Gravels 
eM eta cle! ici sisisie' aif w'e\ cies s'evs!s oe cele s Stony loams 
SPM ots iat yaoi ta vie A) o!sis 04,05 /6: «id's eta eielw v's Rock outcrop 


As a convenient means of designating types and their location with respect 
to the geological areas of the state, each type is given a number made up of 
a combination of the index numbers explained above. This number indicates 
the type and the geological area in which it occurs. The geological area is always 
indicated by the digits of the order of hundreds while the balance of the num- 
ber designates the type. To illustrate: the number 1126 means Brown Silt Loam 
in the early Wisconsin glaciation, 434 means Yellow-Gray Silt Loam of the mid- 
dle Illinoisan glaciation. These numbers are especially useful in designating 
very small areas on the map and as a check in reading the colors. 

A complete list of the soil types occurring in each county, along with their 
corresponding type numbers and the area covered by each type, will be found 
in the respective county soil reports in connection with the maps. 


SOIL SURVEY METHODS 


Mapping of Soil Types.—In conducting the soil survey, the county consti- 
tutes the unit of working area. The field work is done by parties of two to four 
men each. The field season extends from early in April to Thanksgiving. Dur- 
ing the winter months the men are engaged in preparing a copy of the soil map 
to be sent to the lithographer, a copy for the use of the county farm adviser until 


the printed map is available, and a third copy for use in the office in order to 
_ preserve the original official map in good condition. 


An accurate base map for field use is necessary for soil mapping. These 
maps are prepared on a scale of one inch to the mile, the official data of the 
original or subsequent land survey being used as the basis in their construction. 
Each surveyor is provided with one of these base maps, which he carries with 
him in the field; and the soil type boundaries, together with the streams, roads, 
railroads, canals, town sites, and rock and gravel quarries are placed in their 
proper location upon the map while the mapper is on the area. With the rapid 
development of road improvement during the past few years, it is almost in- 


-evitable that some recently established roads will not appear on the published. 


soil map. Similarly, changes in other artificial features will occasionally occur 
in the interim between the preparation of the map and its publication. The 
detail or minimum size of areas which are shown on the map varies somewhat, 
but in general a soil type if less than five acres in extent is not shown. 

’ A soil auger is carried by each man with which he can examine the soil to 
a depth of 40 inches. An extension for making the auger 80 inches long is taken 
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Ly each party, so that the deeper subsoil may be studied. Each man earries a 
compass to aid in keeping directions. Distances along roads are measured by 
a speedometer or other measuring device, while distances in the field away from 
the roads are measured by pacing. | 


Sampling for Analysis—After all the soil types of a county have been 
leeated and mapped, samples representative of the different types are collected 
for chemical analysis. The samples for this purpose are usually taken in three 
depths; namely, 0 to 624 inches, 624 to 20 inches, and 20 to 40 inches, as 
explained in connection with the discussion of the analytical data on page 7. 


., PRINCIPLES OF SOIL FERTILITY 


Probably no agricultural fact is more generally known by farmers and land- 
owners than that soils differ in productive power. A fact of equal importance, 
not so generally recognized, is that they also differ in other characteristics such . 
as response to fertilizer treatment and to management. 

The soil is a dynamic, ever-changing, exceedingly complex substance made 
up of organic and inorganic materials and teeming with life in the form of 
microorganisms. Because of these characteristics, the soil cannot be considered 
as a reservoir into which a given quantity of an element or elements of plant 
food can be poured with the assurance that it will respond with a given increase 
in crop yield. In a similar manner it cannot be expected to respond with per- 
fect uniformity to a given set of management standards. To be productive a soil 
must be in such condition physically with respect to structure and moisture as 
to encourage root development; and in such condition chemically that injurious 
substances are not present in harmful amounts, that a sufficient supply of the 
elements of plant food become available or usable during the growing season, 
and that lime materials are present in sufficient abundance favorable for the 
growth of the higher plants and of the beneficial microorganisms. Good soil 
management under humid conditions involves the adoption of those tillage, crop- 
ping, and fertilizer treatment methods which will result in profitable and 
permanent crop production on the soil type concerned. 

The following paragraphs are intended to state in a brief way some of the 
principles of soil management and treatment which are fundamental to profitable 
and continued productivity. 


CROP REQUIREMENTS WITH RESPECT TO PLANT-FOOD MATERIALS 


Ten different elements of plant food are essential for the growth and forma- 
tien of every plant. These elements are:. carbon, oxygen, hydrogen, nitrogen, 
phosphorus, sulfur, potassium, magnesium, calcium, and iron. Some seasons 
in central Illinois are sufficiently favorable to allow the production of at least 
50 bushels of wheat per acre, 100 bushels of corn, 100 bushels of oats, and 4 tons 
of clover hay. When such crops, growing under favorable climatie and cultural 
conditions and uninjured by disease or insect pests, are not produced the failure 
is due to unfavorable soil conditions, which may result from poor drainage, poor 
physical condition, or from an actual deficiency in one or more of the elements 
of plant food. 
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TABLE 5.—PLANT-Foop ELEMENTS IN CoMMON Farm Crops! 


Prod 
25s Nitrogen} Phos- | Sulfur | Potas- | Magne-|Calcium| Iron 
Kind Amount phorus sium sium 
lbs. lbs lbs lbs. lbs lbs lbs 
Wheat, grain...... 1 bu. 1.42 24 10 .26 08 02 O1 
Wheat straw ..... 1 ton 10.00 1.60 2.80 | 18.00 1.60 3.80 60 
Corn, grain....... 1 bu. 1.00 17 08 19 07 01 01 
Corn stover....... 1 ton 16.00 2.00 2.42 17.33 3.33 7.00 1.60 
ClOFNBODAS fo, oc.» 1 ton en eee TY te cic MW aes Lo Smgele lla Bee Be 
Oats, grain....... 1 bu. 66 11 06 16 04 02 01 
Oat straws)... ... 1 ton 12.40 2.00 4.14 | 20.80 2.80 6.00 1312 
Clover seed....... 1 bu. 1.75 7 he ie ee 15 25 PAS? ease 
Clover hay....... 1 ton 40.00 5.00 3.28 | 30.00 Voto. | 29.25 1.00 
Soybean seed..... 1 bu. 3.22 .39 .27 1.26 215 aA YT We. aysces 
Soybean hay...... 1 ton 43.40 4.74 5.18 35.48 13.84 Zh cDOO Le! bs anlets 
Alfalfa hay... . . 1 ton 52.08 4.76 5.96 16.64 8.00 De DAT ele ote 


+These data are brought together from various sources. Some allowance must be made 
for the exactness of the figures because samples representing the same kind of crop or the 
same kind of material frequently exhibit considerable variation. 


Table 5 shows the requirements of some of our most common field crops 
with respect to the seven plant-food elements furnished by the soil. The figures 
show the weight in pounds of the various elements contained in a bushel or in a 
ton, as the case may be. From these data the amount of any element removed 
from an acre of land by a crop of a given yield can easily be computed. 


PLANT-FOOD SUPPLY 


Of the ten elements of plant food, three (carbon, oxygen, and hydrogen) 
are secured from air and water, and seven from the soil. Nitrogen, one of these 
seven elements obtained from the soil by all plants, may also be secured from the 
air by the class of plants known as legumes, in case the amount liberated from 
the soil is insufficient ; but even these plants, which include only the clovers, peas, 
beans, and vetches among our common agricultural plants, are dependent upon 
the soil for the other six elements (phosphorus, potassium, magnesium, calcium, 
iron, and sulfur), and they also utilize the soil nitrogen so far as it becomes 
soluble and available during their period of growth. 

The vast difference with respect to the supply of these essential plant-food 
elements in different soils is well brought out in the data of the Illinois soil 
survey. For example, it has been found that the nitrogen in the surface 6% 
inches, which represents the plowed stratum, varies in amount from 180 pounds 
per acre to more than 35,000 pounds. In like manner the phosphorus content 
varies from about 420 to 4,900 pounds, and the potassium ranges from 1,530 
to about 58,000 pounds. Similar variations are found in all of the other essen- 
tial plant-food elements of the soil. 

With these facts in mind it is easy to understand how a deficiency of one 
of these elements of plant food may become a limiting factor of crop production. 
When an element becomes so reduced in quantity as to become a limiting factor 
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TasLe 6.—PxLANtT-Foop ELpemMents in Manure, Rouan Frrps, anp FEertiLizers! 


Pounds of plant food per ton 
Material of material 


Nitrogen | Phosphorus | Potassium 


BYOSu tery THANLULG chi. so Cerne etre hearer oe cetee nee 10 2 8 
(OPM TBLOV ET ciciare (ch Merce vcnuiva she RIK, dude Dace even ae Coe 16 2 17 
Wateura Wat eos Clon fics Uae Gee aa nes 12 2 21 
WinearG ARH Woes ce tien a Here show gow poe ero Sere 10 2 18 
OIG NSIT Gea oe ae SEAR. Spa MMR RE PR ae 40 5 30 
Cowpea hay.......... ee GREEK Ao eR SRE ee 43 5 33 
JAECLTCM Ree ARE On ne ee ERR ARG, be NEE SOM ager ak 50 4 24 
Sweet clover (water-free basis)?..........00e0eceeeeees 80 8 28 
EDRIGCL POO ee cole ee ooe cre it rae eae Fe Oe ea ee 280 

MOCMUND ME treba pore atone a geo ees eA, Ce eee alae 310 

AWAWMIONIUI SUL atOr.. sa cise ete rete ete eee nore tae 400 

TRA DOME THES, cists Dacian con tot eee oe eee 80 180 

toamend: bone meal: s,+ veccas aot. nate aie Rae aere careers 20 250 yale 
Rawirock Phosphater.c. sana.cae eke ataeeie cena eee ie 250 es 
INGNG Wyo} Vols 0)3¥-0 0, IS ARP ete er, Nene et nile eet. ite 125 bs 
POpAseIn CHONG. 22.0 Wenor vox seen area 850 
POPARBITTED SULALEe b6oc ane deen ee SRO RES na ee 850 
CHANING MOOT Lfren cs siete cop feraue ein his Sak Aceon i pii eta erie earl ene aets ee 200 
Wood ashes* (unleached)......... Are ee ere ols tests 10 100 

1See footnote to Table 5. 


* Young second year’s growth ready to plow under as green manure. 
* Wood ashes also contain about 1,000 pounds of lime (calcium carbonate) per ton. 


of production, then we must look for some outside source of supply. Table 6 
is presented for the purpose of furnishing information regarding the quantity 
of some of the more important plant-food elements contained in materials most 
commonly used as sources of supply. 


LIBERATION OF PLANT FOOD 


The chemical analysis of the soil gives the invoice of plant-food elements 
actually present in the soil strata sampled and analyzed, but the rate of libera- 
tion is governed by many factors, some of which may be controlled by the farmer, 
while others are largely beyond his control. Chief among the important con- 
trollable factors which influence the liberation of plant food are the choice of 
crops to be grown, the use of limestone, and the incorporation of organic matter. 
Tillage, especially plowing, also has a considerable effect in this connection. 

Feeding Power of Plants.—Different species of plants exhibit a very great 
diversity in their ability to obtain plant food directly from the insoluble 
minerals of the soil. As a class, the legumes—especially such biennial and 
perennial legumes as red clover, sweet clover, and alfalfa—are endowed with 
unusual power to assimilate from mineral sources such elements as calcium 
and phosphorus, converting them into available forms for the erops that follow. 
For this reason it is especially advantageous to employ such legumes ‘in connec- 
tion with the application of limestone and rock phosphate. Thru their growth 
and subsequent decay large quantities of the mineral elements are liberated for 
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the benefit of the cereal crops which follow in the rotation. Moreover, as an 
effect of the deep-rooting habit of these legumes, mineral plant-food elements 
are brought up and rendered available from the vast reservoirs of the lower 
subsoil. 


Effect of Limestone.—Limestone corrects the acidity of the soil and supplies 
calcium, thus encouraging the development not only of the nitrogen-gathering 
haeteria which live in the nodules on the roots of clover, cowpeas, and other 
legumes, but also the nitrifying bacteria, which have power to transform the 
unavailable organic nitrogen into available nitrate nitrogen. At the same time, 
the products of this decomposition have power to dissolve the minerals contained 
in the soil, such as potassium and magnesium compounds. 


Organic Matter and Biological Action.—Organic matter may be supplied thru 
_ animal manures, consisting of the excreta of animals and usually accompanied 
by more or less stable litter; and by plant manures, including green-manure crops 
and cover crops plowed under, and also crop residues such as stalks, straw, and 
chaff. The rate of decay of organic matter depends largely upon its age, condi- 
\ tion, and origin, and it may be hastened by tillage. The chemical analysis shows 
correctly the total organic carbon, which constitutes, as a rule, but little more 
than half the organic matter; so that 20,000 pounds of organic carbon in the 
plowed soil of an acre corresponds to nearly 20 tons of organic matter. But 
this organic matter consists largely of the old organic residues that have accumu- 
lated during the past centuries because they were resistant to decay, and 2 tons 
of clover or cowpeas plowed under may have greater power to liberate plant-food 
materials than 20 tons of old, inactive organic matter. The history of the in- 
dividual farm or field must be depended upon for information concerning recent 
additions of active organic matter, whether in applications of farm manure, in 
legume crops, or in sods of old pastures. 
| The condition of the organic matter of the soil is indicated to some extent 
by the ratio of carbon to nitrogen. Fresh organic matter recently incorporated 
with the soil contains a very much higher proportion of carbon to nitrogen than 
do the old resistant organic residues of the soil. The proportion of carbon to 
nitrogen is higher in the surface soil than in the corresponding subsoil, and in 
general this ratio is wider in highly productive soils well charged with active 
organic matter than in very old, worn soils badly in need of active organic matter. 
The organic matter furnishes food for bacteria, and as it decays certain 
decomposition products are formed, including much carbonic acid, some nitrous 
acid, and various organic acids, and these acting upon the soil have the power to 
dissolve the essential mineral plant foods, thus furnishing available phosphates, 
nitrates, and other salts of potassium, magnesium, calcium, ete., for the use of 
the growing crop. 
Effect of Tillage.—Tillage, or cultivation, also hastens the liberation of plant- 
food elements by permitting the air to enter the soil. It should be remembered, 
_ however, that tillage is wholly destructive, in that it adds nothing whatever to 
‘the soil, but always leaves it poorer, so far as plant-food materials are concerned. 
Tillage should be practiced so far as is necessary to prepare a suitable seed bed 
for root development and also for the purpose of killing weeds, but more than 
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this is unnecessary and unprofitable; and it is much better actually to enrich 
the soil by proper applications of limestone, organic matter, and other fertilizing 
materials, and thus promote soil conditions favorable for vigorous plant growth, 
than to depend upon exeessive cultivation to accomplish the same object at the 
expense of the soil. 


PERMANENT SOIL IMPROVEMENT 


According to the kind of soil involved, any comprehensive plan contemplat- 
ing a permanent system of agriculture will need to take into account some of 
the following considerations. 


The Application of Limestone 


The Function of Limestone.—In considering the application of limestone 
to land it should be understood that this material functions in several different 
ways, and that a beneficial result may therefore be attributable to quite diverse 
causes. Limestone provides calcium, of which certain crops are strong feeders. 
It corrects acidity of the soil, thus making for some crops a much more favorable 
environment as well as establishing conditions absolutely required for some of 
the beneficial legume bacteria. It accelerates nitrification and nitrogen fixation. 
It promotes sanitation of the soil by inhibiting the growth of certain fungous 
diseases, such as corn-root rot. Experience indicates that it modifies either 
directly or indirectly the physical structure of fine-textured soils, frequently to 
their great improvement. 

Thus, working in one or more of these different ways, limestone often be- 
comes the key to the improvement of worn lands. Remarkable success has been 
experienced with limestone used in conjunction with sweet clover in the reclama- 
tion of abandoned hill land which has been ruined thru erosion. 

Amounts to Apply.—lIf the soil is acid, limestone should be applied, the initial 
treatment being at the rate of 2 to 6 tons an acre, according to the degree of 
acidity. Continue to apply limestone from time to time according to the re- 
quirement of the soil as indicated by the tests described below, or until the most 
favorable conditions are established for the growth of legumes, using preferably 
at times magnesian limestone (CaCO,MgCO.,), which contains both calcium and 
magnesium and has slightly greater power to correct soil acidity, ton for ton, 
than the ordinary calcium limestone (CaCO,). On strongly acid soils, or on 
land being prepared for alfalfa, 4 or 5 tons per acre of ground limestone may 
well be used for the first application. 

How to Ascertain the Need for Limestone.—One of the most reliable indi- 
cations as to whether a soil needs limestone is the character of the growth of 
certain legumes, particularly sweet clover and alfalfa. These crops do not thrive 
in acid soils. Their successful growth, therefore, indicates the lack of sufficient 
neidity in the soil to be harmful. In case of their failure to grow the soil should 
oe tested for acidity as described below. A very valuable test for ascertaining 
the need of a soil for limestone is found in the potassium thiocyanate test for 
soil acidity. It is desirable to make the test for carbonates along with the acidity 
test. Limestone is calcium carbonate, while dolomite is the combined carbonate 
cf calcium and magnesium. The natural occurrence of these carbonates in the 
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soil is sufficient assurance that no limestone is needed, and the acidity test will 
be negative. On lands which have been treated with limestone, however, the 
surface soil may give a positive test for carbonates, owing to the presence of un- 
decomposed pieces of limestone, and at the same time a positive test for acidity 
may be secured. Such a result means either that insufficient limestone has been 
added to neutralize the acidity, or that it has not been in the soil long enough 
to entirely correct the acidity. In making these tests, it is desirable to examine 
samples of soil from different depths, since carbonates may be present, even in 
abundance, below a surface stratum that is acid. Following are the directions 
for making the tests: 


The Potassium Thiocyanate Test for Acidity. This test is made with a 4-percent solu- 
tion of potassium thiocyanate in aleohol—4 grams of potassium thiocyanate in 100 eubic 
centimeters of 95-percent alcohol.1 When a small quantity of soil shaken up in a test tube 
with this solution gives a red color the soil is acid and limestone should be applied. If the 
solution remains colorless the soil is not acid. An excess of water interferes with the reaction. 
The sample when tested, therefore, should be at least as dry as when the soil is in good till- 
able condition. For a prompt reaction the temperature of the soil and solution should be not 
lower than that of comfortable working conditions (60° to 75° Fahrenheit). 


The Hydrochloric Acid Test for Carbonates. Make a shallow cup of a ball of soil and 
pour into it a few drops of hydrochloric (muriatic) acid, prepared by diluting the con- 
eentrated acid with an equal volume of water. The presence of limestone or some other 
carbonates will be shown by the appearance of gas bubbles within 2 or 3 minutes, producing 
foaming or effervescence. The absence of carbonates in a soil is not in itself evidence that 
the soil is acid or that limestone should be applied, but it indicates that the confirmatory 
potassium thiocyanate test should be carried out. 


The Nitrogen Problem 


Nitrogen presents the greatest practical soil problem in American agricul- 
ture. Four important reasons for this are: its increasing deficiency in most 
soils; its cost when purchased on the open market; its removal in large amounts 
by crops; and its loss from soils thru leaching. Nitrogen usually costs from 
four to five times as much per pound as phosphorus. A 100-bushel crop of corn 
requires 150 pounds of nitrogen for its growth, but only 23 pounds of phos- 
phorus. The loss of nitrogen from soils may vary from a few pounds to over 
one hundred pounds per acre, depending upon the treatment of the soil, the 
distribution of rainfall, and the protection afforded by growing crops. 

An inexhaustible supply of nitrogen is present in the air. Above each acre 
of the earth’s surface there are about sixty-nine million pounds of atmospheric 
nitrogen. The nitrogen above one square mile weighs twenty million tons, an 
amount sufficient to supply the entire world for four or five decades. This large 
supply of nitrogen in the air is the one to which the worid must eventually turn. 

There are two methods of collecting the inert nitrogen gas of the air and 
combining it into compounds that will furnish products for plant growth. 

_ These are the chemical and the biological fixation of the atmospheric nitrogen. 
‘Farmers have at their command one of these methods. By growing inoculated 
‘legumes, nitrogen may be obtained from the air, and by plowing under more 
than the roots of those legumes, nitrogen may be added to the soil. 


. 


“ 2Since undenatured alcohol is difficult to obtain, some of the denatured alcohols have 

_ been tested for making this solution. Completely denatured aleohol made over U. S. Formulas 

_ No. 1 and No. 4, have been found satisfactory. Some commercial firms are also offering 
similar preparations which are satisfactory. 
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Inasmuch as legumes are worth growing for purposes other than the fixation 
of atmospheric nitrogen, a considerable portion of the nitrogen thus gained 
may be considered a by-product. Because of that fact, it is questionable whether 
the chemical fixation of nitrogen will ever be able to replace the simple method 
of obtaining atmospherie nitrogen by growing inoculated legumes in the pro- 
duction of our great grain and forage crops. 

It may well be kept in mind that the following amounts of nee are 
required for the produce named: 


1 bushel of oats (grain and straw) requires 1 he of nitrogen. 

1 bushel of corn (grain and stalks) requires 1144 pounds of nitrogen. 

1 bushel of wheat (grain and straw) requires 2 pounds of nitrogen. 

1 ton of timothy contains 24 pounds of nitrogen. 

1 ton of clover contains 40 pounds of nitrogen. 

1 ton of cowpea hay contains 43 pounds of nitrogen. 

1 ton of alfalfa contains 50 pounds of nitrogen. 

1 ton of average manure contains 10 pounds of nitrogen. 

1 ton of young sweet clover, at about the stage of growth when it is plowed under as 

green manure, contains, on water-free basis, 80 pounds of nitrogen. 

The roots of clover contain about half as much nitrogen as the tops, and the 
roots of cowpeas contain about one-tenth as much as the tops. Soils of mod- 
erate productive power will furnish as much nitrogen to clover (and two or three 
times as much to cowpeas) as will be left in the roots and stubble. In grain 
crops, such as wheat, corn, and oats, about two-thirds of the nitrogen is con- 


tained in the grain and one-third in the straw or stalks. 


The Phosphorus Problem 


The element phosphorus is an indispensable constituent of every living cell. 
It is intimately connected with the life processes of both plants and animals, the 
nuclear material of the cells being especially rich in this element. | 

The phosphorus content of the soil is dependent upon the origin of t the soil. 
The removal of phosphorus by continuous cropping slowly reduces the amount 
of this element in the soil available for crop use, unless its addition is provided 
for by natural means, such as overflow, or by agricultural practices, such as the 
addition of phosphatic fertilizers and rotations in which deep-rooting, leguminous 
crops are frequently grown. 

It should be borne in mind in connection with the application of phosphate, 
or of any other fertilizing material, to the soil, that no benefit can result until 
the need for it has become a limiting factor in plant growth. For example, if 
there is already present in the soil sufficient available phosphorus to produce a 
forty-bushel crop, and the nitrogen supply or the moisture supply is sufficient 
for only forty bushels, or less, then extra phosphorus added to the soil cannot 
inerease the yield beyond this forty-bushel limit. ; 


There are several different materials containing phosphorus which are. 


applied to land as fertilizer. The more important of these are bone meal, acid 
phosphate, natural raw rock phosphate, and basic slag. Obviously that carrier 
of phosphorus which gives the most economical returns, as considered from all 
standpoints, is the most suitable one to use. Altho this matter has been the 
subject of much discussion and investigation the question still remains unset- 
tled. Probably there is no single carrier of phosphorus that will prove to be 
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the most economical one to use under all circumstances because so much de- 
pends upon soil conditions, crops grown, length of haul, and market conditions. 

Bone meal, prepared from the bones of animals, appears on the market in 
two different forms, raw and steamed. Raw bone meal contains, besides the 
phosphorus, a considerable percentage of nitrogen which adds a useless expense 
if the material is purchased only for the sake of the phosphorus. As a source 
of phosphorus, steamed bone meal is preferable to raw bone meal. Steamed bone 
meal is prepared by extracting most of the nitrogenous and fatty matter from 
the bones, thus producing a more nearly pure form of calcium phosphate con- 
taining about 10 to 12 percent of the element phosphorus. 

Acid phosphate is produced by treating rock phosphate with sulfurie acid. 
The two are mixed in about equal amounts; the product therefore contains 
about one-half as much phosphorus as the rock phosphate itself. Besides phos- 
phorus, acid phosphate also contains sulfur, which is likewise an element of 
plant food. The phosphorus in acid phosphate is more readily available for 
absorption by plants than that of raw rock phosphate. Acid phosphate of good 
quality should contain 6 percent or more of the element phosphorus. 

Rock phosphate, sometimes called floats, is a mineral substance found, in 
vast deposits in certain regions. The phosphorus in this mineral exists chem- 
ically as tri-calcium phosphate and a good grade of the rock should contain 
121% percent, or more, of the element phosphorus. The rock should be ground 
to a powder, fine enough to pass thru a 100-mesh sieve, or even finer. 

The relative cheapness of raw rock phosphate, as compared with the treated 
or acidulated material, makes it possible to apply for equal money expenditure 
considerably more phosphorus per acre in this form than in the form of acid 
phosphate, the ratio being, under the market conditions of the past several years, 
about 4 to 1. That is to say, under these market conditions, a dollar will pur- 

se about four times as much of the element phosphorus in the form of rock 
phosphate as in the form of acid phosphate, which is an important consideration 
_if one is interested in building up a phosphorus reserve in the soil. As explained 
-aboye, more very carefully conducted comparisons on various soil types under 
various cropping systems are'needed before definite statements can be given as 
to, which form of phosphate is most economical to use under any given set of 
conditions. 

Basic slag, known also as Thomas phosphate, is another carrier of phos- 

phorus that might be mentioned because of its considerable usage in Europe 
.and eastern United States. Basic slag phosphate is a by-product in the manu- 
facture of steel. It contains a considerable proportion of basic material and 
therefore it tends to influence the soil reaction. 
; Rock phosphate may be applied at any time during a rotation, but it is 
applied to the best advantage either preceding a crop of clover, which plant 
seems to possess an unusual power for assimilating the phosphorus from raw 
, phosphate, or else at a time when it can be plowed under with some form of 
organic matter such as animal manure or green manure, the decay of which 
serves to liberate the phosphorus from its insoluble condition in the rock. It is 
important that the finely ground rock phosphate be intimately mixed with the 
organic material as it is plowed under. 
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In using acid phosphate or bone meal in a cropping system which includes 
wheat, it is a common practice to apply the material in the preparation of the 
wheat ground. It may be advantageous, however, to divide the total amount 
to be used and apply a portion to the other crops of the rotation, particularly 
to corn and to clover. 


The Potassium Problem 


Our most common soils, which are silt loams and clay loams, are well stocked 
with potassium, altho it exists largely in a slowly soluble form. Such soils as 
sands and peats, however, are likely to be low in this element. On such soils 
this deficiency may be remedied by the application of some potassium salt, such 
as potassium sulfate, potassium chlorid, kainit, or other potassium compound, 
and in many instances this is done at great profit. 

From all the facts at hand it seems, so far as our great areas of common 
soils are concerned, that, with a few exceptions, the potassium problem is not 
one of addition but of liberation. The Rothamsted records, which represent the 
oldest soil experiment fields in the world, show that for many years other 
soluble salts have had practically the same power as potassium salts to increase 
erop yields in the absence of sufficient decaying organic matter. Whether this 
action relates to supplying or liberating potassium for its own sake, or to the 
power of the soluble salt to increase the availability of phosphorus or other 
elements, is not known, but where much potassium is removed, as in the entire 
erops at Rothamsted, with no return of organic residues, probably the soluble 
salt functions in both ways. 

Further evidence on this matter is furnished by the Illinois experiment 
field at Fairfield, where potassium sulfate has been compared with kainit both 
with and without the addition of organic matter in the form of stable manure. 
Both sulfate and kainit produced a substantial increase in the yield of corn, 
but the cheaper salt—kainit—was just as effective as the potassium sulfate, and 
returned some financial profit. Manure alone gave an increase similar to that 
produced by the potassium salts, but the salts added to the manure gave very 
little increase over that produced by the manure alone. This is explained in 
part, perhaps, by the fact that the potassium removed in the crops is mostly 
returned in manure properly cared for, and perhaps in larger part by the fact 
that decaying organic matter helps to liberate and hold in solution other plant- 
food elements, especially phosphorus. 

In laboratory experiments at the Illinois Experiment Station, it has been 
shown that potassium salts and most other soluble salts increase the solubility of 
the phosphorus in soil and in rock phosphate; also that the addition of glucose 
with rock phosphate in pot-culture experiments increases the availability of the 
phosphorus, as measured by plant growth, altho the glucose consists only of ear- 
bon, hydrogen, and oxygen, and thus contains no limiting element of plant food. 

In considering the conservation of potassium on the farm it should be re- 
membered that in average live-stock farming the animals destroy two-thirds of 
the organic matter and retain one-fourth of the nitrogen and phosphorus from 
the food they consume, but that they retain less than one-tenth of the potassium ; 
so that the actual loss of potassium in the products sold from the farm, either 
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in grain farming or in livestock farming, is negligible on land containing 25,000 
pounds or more of potassium in the surface 624 inches. 


The Calcium and Magnesium Problem 


When measured by crop removals of the plant-food elements, calcium is 
often more limited in Illinois soils than is potassium, while magnesium may be 
occasionally. In the case of calcium, however, the deficiency is likely to develop 
more rapidly and become much more marked because this element is leached 
out of the soil in drainage water to a far greater extent than is either magnesium 
or potassium. 

The annual loss of limestone from the soil depends, of course, upon a num- 
ber of factors aside from those which have to do with climatic conditions. 
Among these factors may be mentioned the character of the soil, the kind of 
limestone, its condition of fineness, the amount present, and the sort of farming 
practiced. Because of this variation in the loss of lime materials from the soil, 
it is impossible to prescribe a fixed practice in their renewal that will apply uni- 
versally. The tests for acidity and carbonates described above, together with the 
behavior of such lime-loving legumes as alfalfa and sweet clover, will serve as 
general indicators for the frequency of applying limestone and the amount to 
use on a given field. 

Limestone has a positive value on some soils for the plant food which it 
supplies, in addition to its value in correcting soil acidity and in improving the 
physical condition of the soil. Ordinary limestone (abundant in the southern 
and western parts of the state) contains nearly 800 pounds of calcium per ton; 
while a good grade of dolomitie limestone (the more common limestone of north- 
ern Illinois) contains about 400 pounds of calcium and 300 pounds of magnesium 
per ton. Both of these elements are furnished in readily available form in 
ground dolomitic limestone. 


The Sulfur Question 


In considering the relation of sulfur in a permanent system of soil fertility 
it is important to understand something of the cycle of transformations that this 
element undergoes in nature. Briefly stated this is as follows: 

Sulfur exists in the soil in both organie and inorganic forms, the former 
being gradually converted to the latter form thru bacterial action. In this 
inorganic form sulfur is taken up by plants which in their physiological pro- 
cesses change it once more into an organic form as a constituent of protein. 
When these plant proteins are consumed by animals, the sulfur becomes a part 
of the animal protein. When these plant and animal proteins are decomposed, 
either thru bacterial action, or thru combustion, as in the burning of coal, the 
sulfur passes into the atmosphere or into the soil solution in the form of sulfur 
dioxid gas. This gas unites with oxygen and water to form sulfurie acid, which 
is readily washed back into the soil by the rain, thus completing the cycle, from 
soil—to plants and animals—to air—to soil. 

In this way sulfur becomes largely a self-renewing element of the soil, altho 
there is a considerable loss from the soil by leaching. Observations taken at the 
Illinois Agricultural Experiment Station show that 40 pounds of sulfur per 
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acre are brought into the soil thru the annual rainfall. With a fair stock of 
sulfur, such as exists in our common types of soil, and with an annual return, 
which of itself would more than suffice for the needs of maximum erops, the 
maintenance of an adequate sulfur supply presents little reason at present for 
serious concern. There are regions, however, where the natural stock of sulfur 
in the soil is not nearly so high and where the amount returned thru rainfall is 
small. Under such cireumstances sulfur soon becomes a limiting element of 
crop production, and it will be necessary sooner or later to introduce this sub- 
stanee from some outside source. Investigation is now under way to determine 
‘o what extent this situation may apply to conditions in Illinois. 


Physical Improvement of Soils 


In the management of most soil types, one very important matter, aside from 
proper fertilization, tillage, and drainage, is to keep the soil in good physical 
condition, or good tilth. The constituent most important for this purpose is 
organie matter. Organic matter in producing good tilth helps to control wash- 
ing of soil on rolling land, raises the temperature of drained soil, increases the 
moisture-holding capacity of the soil, slightly retards capillary rise and conse- 
quently loss of moisture by surface evaporation, and helps to overeome the 
tendency of some soils to run together badly. 

The physical effect of organic matter is to produce a granulation or mellow- 
ness, by cementing the fine soil particles into crumbs or grains about as large 
as grains of sand, which produces a condition very favorable for tillage, pereola- 
tion of rainfall, and the development of plant roots. 

Organic matter is undergoing destruction during a large part of the year 
and the nitrates produced in its decomposition are used for plant growth. Altho 
this decomposition is necessary, it nevertheless reduces the amount of organic 
matter, and provision must therefore be made for maintaining the supply. The 
practical way to do this is to turn under the farm manure, straw, cornstalks, 
weeds, and all or part of the legumes produced on the farm. The amount of 
legumes needed depends upon the character of the soil. There are farms, espe- 
cially grain farms, in nearly every community where all legumes could be turned 
under for several years to good advantage. 

Manure should be spread upon the land as soon as possible after it is pro- 
duced, for if it is allowed to lie in the barnyard several months as is so often 
the ease, from one-third to two-thirds of the organic matter will be lost. 

Straw and cornstalks should be turned under, and not burned. There is 
considerable evidence indicating that on some soils undecomposed straw applied 
in excessive amount may be detrimental. Probably the best practice is to apply 
the straw as a constituent of well-rotted stable manure. Perhaps no form of 
organic matter acts more beneficially in producing good tilth than ecornstalks. It 
is true, they decay rather slowly, but it is also true that their durability in the 
soil is exactly what is needed in the production of good tilth. Furthermore, 
the nitrogen in a ton of cornstalks is one and one-half times that of a ton of 
manure, and a ton of dry cornstalks incorporated in the soil will ultimately 
furnish as much humus as four tons of average farm manure. When burned, 
however, both the humus-making material and the nitrogen are lost to the soil. 
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It is a common practice in the corn belt to pasture the cornstalks during 
the winter and often rather late in the spring after the frost is out of the ground. 
This trampling by stock sometimes puts the soil in bad condition for working. 
It becomes partially puddled and will be cloddy as a result. If tramped too 
late in the spring, the natural agencies of freezing and thawing and wetting 
and drying, with the aid of ordinary tillage, fail to produce good tilth before 
the erop is planted. Whether the crop is corn or oats, it necessarily suffers, and 
if the season is dry, much damage may be done. If the field is put in corn, a 
poor stand is likely to result, and if put in oats, the soil is so compact as to be 
unfavorable for their growth. Sometimes the soil is worked when too wet. This 
also produces a partial puddling which is unfavorable to physical, chemical, and 
biological processes. The effect becomes worse if eropping has reduced the 
organie matter below the amount necessary to maintain good tilth. 


Systems of Crop Rotations 


In a program of permanent soil improvement one should adopt at the outset 

a good rotation of crops, including, for the reasons discussed above, a liberal 

use of legumes. No one can say in advance for every particular case what will 

prove to be the best rotation of crops, because of variation in farms and farmers 
and in prices for produce. 

Following are a few suggested rotations, applicable to the corn belt, which 

may serve as models or outlines to be modified according to special circumstances. 


Six-Year Rotations 


First year —Corn 

Second year —Corn 

Third year —Wheat or oats (with clover, or clover and grass) 
Fourth year —Clover, or clover and grass 

Fifth Year Wheat (with clover), or grass and clover 

Siath year —Clover, or clover and grass 


Of course there should be as many fields as there are years in the rotation. 
In grain farming, with small grain grown the third and fifth years, most of the 
unsalable products should be returned to the soil, and the clover may be clipped 
and left on the land or returned after threshing out the seed (only the clover 
seed being sold the fourth and sixth years) ; or, in livestock farming, the field 
may be used three years for timothy and clover pasture and meadow if desired. 
The system may be reduced to a five-year rotation by eutting out either the sec- 
ond or the sixth year, and to a four-year system by omitting the fifth and sixth 

_ years, as indicated below. 

Five-Year Rotations 


First year —Corn 

Second year —Wheat or oats (with clover, or clover and grass) 
Third year —Clover, or clover and grass 

Fourth year —Wheat (with clover), or clover and grass 

Fifth year —Clover, or clover and grass 


First year —Corn 
\ Second year —Corn 
Third year —Wheat or oats (with clover, or clover and grass) 
Fourth year —Clover, or clover and grass 
Fifth year —Wheat (with clover) 
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First year —Corn 

Second year —Cowpeas or soybeans 

Third year —Wheat (with clover) 

Fourth year —Clover 

Fifth year -—Wheat (with clover) 

The last rotation mentioned above allows legumes to be grown four times. 
Alfalfa may be grown on a sixth field for five or six years in the combination 
rotation, alternating between two fields every five years, or rotating over all the 


fields if moved every six years. 


Four-Year Rotations 


First year —Corn First year —Corn 

Second year -—-Wheat or oats (with clover) Second year -—Corn 

Third year —Clover Third year —Wheat or oats (with clover) 
Fourth year Wheat (with clover) Fourth year —Clover 

First year —Corn First year —Wheat (with clover) 

Second year -—Cowpeas or soybeans Second year —Clover 

Third year —Wheat (with clover) Third year —Corn 

Fourth year —Clover Fourth year —Oats (with clover) 


Alfalfa may be grown on a fifth field for four or eight years, which is to 
be alternated with one of the four; or the alfalfa may be moved every five years, 
and thus rotated over all five fields every twenty-five years. 


Three-Year Rotations 


First year —Corn ; First year —Wheat (with clover) 
Second year —Oats or wheat (with clover) Second year -—Corn 
Third year —Clover Third year —Cowpeas or soybeans 


By allowing the clover, in the last rotation mentioned, to grow in the spring 
before preparing the land for corn, we have provided a system in which legumes 
grow on every acre every year. This is likewise true of the following suggested 
two-year system: 


Two-Year Rotations 


First year —Oats or wheat (with sweet clover) 
Second year —Corn 

Altho in this two-year rotation either oats or wheat is suggested, as a matter 
of fact, by dividing the land devoted to small grain, both of these crops can be 
grown simultaneously, thus providing a three-crop system in a two-year cycle. 

It should be understood that in all of the above suggested cropping systems 
it may be desirable in some cases to substitute rye for the wheat or oats. Or, in 
some cases, it may become desirable to divide the acreage of small grain and 
grow in the same year more than one kind. In all of these proposed rotations 
the word clover is used in a general sense to designate either red clover, alsike 
clover, or sweet clover. The value of sweet clover, especially as a green manure 
for building up depleted soils, as well as a pasture and hay-crop, is becoming 
thoroly established, and its importance in a crop-rotation program may well 
be emphasized. 


ut 


SUPPLEMENT: EXPERIMENT FIELD DATA 


(Results from Experiment Fields on Soil Types Similar to Those Occurring in 
Rock Island County) 


The University of Illinois has conducted altogether about fifty soil experi- 
ment fields in different sections of the state and on various types of soil. Altho 
some of these fields have been discontinued, the majority are still in operation. 
It is the present purpose to report the summarized results from certain of these 
fields located on types of soil deseribed in the accompanying soil report. 

A few general explanations at this point, which apply to all the fields, will 
relieve the necessity of numerous repetitions in the following pages. 


Size and Arrangement of Fields 


The soil experiment fields vary in size from less than two acres up to 40 acres 
or more. They are laid off into series of plots, the plots commonly being either 
one-fifth or one-tenth acre in area. Hach series is occupied by one kind of crop. 
Usually there are several series so that a crop rotation can be carried on with 
every crop represented every year. 


Two Farming Systems Provided 


On many of the fields the treatment provides for two distinct systems of 
farming, livestock farming and grain farming. 

In the livestock system, stable manure is used to furnish organic matter 
and nitrogen. The amount applied to a plot is based upon the amount that can 
be produced from crops raised on that plot. 

In the grain system no animal manure is used. The organic matter and 
nitrogen are applied in the form of plant manures, including the plant residues 
produced, such as cornstalks, straw from wheat, oats, clover, ete., along with 
leguminous eatch crops plowed under. It is the plan in this latter system to 
remove from the land, in the main, only the grain and seed produced, except in 
the case of alfalfa, that crop being harvested for hay the same as in the livestock 
system. 


Definite Crop Rotations Followed 


Crops which are of interest in the respective localities are grown in definite 
rotations. The most common rotation used is wheat, corn, oats, and clover; 
and often these crops are accompanied by alfalfa growing on a fifth series. In 
the grain system a legume catch crop, usually sweet clover, is included, which 
is seeded on the young wheat in the spring and plowed under in the fall or in 
the following spring in preparation for corn. If the red clover crop fails, soy- 
beans are substituted. 

45 
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Standard Soil Treatments Used 


The treatment applied to the plots has, for the most part, been standard- 
ized according to a rather definite system, altho deviations from this system 
oceur now and then, particularly in the older fields. 

Following is a brief explanation of this standard system of treatment. 

Animal Manures.—Animal manures, consisting of exereta from animals, 
with stable litter, are spread upon the respective plots in amounts proportionate 
to previous crop yields, the applications being made in the preparation for corn. 

Plant Manures.—Crop residues produced on the land, such as stalks, straw, 
and chaff, are returned to the soil, and in addition a green-manure crop of sweet 
clover is seeded int small grain to be plowed under in preparation for corn. (On 
plots where limestone is lacking the sweet clover seldom survives.) This practice 
is designated as the residues system. 

Mineral Manures.—The yearly acre-rates of application have been: for 
limestone, 1,000 pounds; for raw rock phosphate, 500 pounds; and for potas- 
sium, the equivalent of 200 pounds of kainit. The initial application of limestone 
has usually been 4 tons per acre. 


Explanation of Symbols 
0 == Untreated land or check plots 


M = Manure (animal) 

R = Residues (from crops, and includes legumes used as green manure) 
L = Limestone 

P = Phosphorus 

K = Potassium (usually in the form of kainit) 

N = Nitrogen (usually in the form contained in dried blood) 


( )— Parentheses enclosing figures signify tons of hay, as distinguished from 


bushels of seed 


In discussions of this sort of data, financial profits or losses based upon 
assigned market values are frequently considered. However, in view of the 
erratic fluctuations in market values—especially in the past few years—it seems 
futile to attempt to set any prices for this purpose that are at all satisfactory. 
The yields are therefore presented with the thought that with these figures at 
hand the financial returns from a given practice can readily be computed upon 
the basis of any set of market values that the reader may choose to apply. 


EXPERIMENTS ON BROWN SILT LOAM 
Several experiment fields have been conducted on Brown Silt Loam at vari- 
ous locations in Illinois. Those located at the University have been in operation 
the longest and they serve well to illustrate the principles involved in the main- 
tenance and improvement of this type of soil. 


, The Morrow Plots ee). aoe 
So far as known, the oldest soil experiment field in the United States is 
located on Brown Silt Loam of the early Wisconsin glaciation, on the campus 
of the University of Illinois. This field was started in 1879 by George E. Morrow, 


— 
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who for many years was Professor of Agriculture, and these plots are known 
as the Morrow plots. 

The Morrow series now consists of three plots divided into halves, and the 
halves are subdivided into quarters. On one plot, corn is grown continuously ; 
on the second, corn and oats are grown in rotation; and on the third, corn, oats, 
and clover are rotated. The north half of each plot has had no fertilizing ma- 
terial applied from the beginning of the experiments, while the south half has 
been treated since 1904. Besides farm manure, phosphorus has been applied in 
two different forms: rock phosphate to the southwest quarter at the rate of 600 
pounds, and steamed bone meal to the southeast quarter at the rate of 200 pounds 
per acre per year up to 1919, when the rock phosphate was increased sufficiently 
to bring up the total amount applied to four times the quantity of bone meal 
appled. In 1925 the phosphates were evened up to a total of 3,300 pounds of 
bone meal and 13,200 pounds of rock phosphate and their application discon- 
tinued. In 1904 ground limestone was applied at the rate of 1,700 pounds per 
acre to the south half of each plot, and in 1918 a further application was made 
at the rate of 5 tons per acre. From 1903 until 1920, legumes were seeded in 
the corn on the south half of each plot. Legumes, chiefly red clover until 1918 
and sweet clover since that time, have been seeded in the oats on the south half 
of Plot 4. 

Table 7 gives the yearly records of the erop yields from the Morrow plots, 
and Table 8 presents the results in summarized form. 

Summarizing the data from these Morrow plots into two periods, with the 
second period beginning in 1904, when the treatment began on the half-plots, 
some interesting comparisons may be made. In the first place we find in the un- 
treated, continuous corn plot a marked decrease in the second period in the 
average yield of corn, amounting to one-third of the crop. In the two-year rota- 
tion there is a decrease in both corn and oats production, while the averages for 
the three-year system show an increase in corn yield and decreases in oats and 


No soil treatment 
36 BULPER A 


$3 BU.PER A. 


Fic. 2—Corn ON THE Morrow PLOTS 
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Tasty 7.—URBANA FIELD, MORROW PLOTS 
Crop Yields in Soil Experiments—Bushels or (tons) per acre 
Corn 
Soil every Two-year rotation Three-year rotation 

Year tina Ig year 

—— Corn Corn Oats Corn Oats Clover 
1879-87|None........ ree steiss arse Pee nate 
1888 NGI ISS. 05. alavers 54.3 49.5 oes ee 48.6 ae ip 
1889 NOHO. 225 a5 Se 43.2 aaa 37.4 seo wakes (4.04 
1800: “jNone... i... 6c 48.7 54.3 ae ied fe ole ate (1.51 
1891 INGHE Es eceiees 28.6 33.2 ae Are sabe (1.46 
TRODe NONG 54750755 33.1 ee 37.2 70.2 shee aad 
1893 INORG so sine ers 2137 29.6 Pte 34.1 aie 
1894 None : 34.8 aes 57.2 sresve 65.1 
1895 OHO se, nes dos 42.2 41.6 date Ae: 22.2 
1896 INGROL iiss ox es 62.3 Reels 34.5 scr Bee 
ISOT) GIINOKCs ascx-a0 5 40.1 47.0 oa ras nia 
1898 INGHGs 6 same 18.1 Bia mal ae 
1899 WOHC Th can ears 50.1 44.4 ne 53.5 
1900 NOGs. 2 ecm 48.0 er 41.5 eee 
1901 NORGen « caexs 23.7 33.7 ee 34.3 otek Site 
1902 NOnes, 245 (een 60.2 AE 56.3 Rees 54.6 ates 
1908 |. None... -...'- 26.0 35.9 Ss ised aoe (1.11) 
1904 NONGC.)< »sislncs 21.5 ares 17.5 55.3 Pai 
19004). OINLUIP ers vou i he pak wees 25.3 yee 2 tee 
1905 INGHE Pk ei oe 24.8 50.0 er aes 42.3 
1905 1 Sea ay a 31.4 44.9 oe <n 50.6 chs 
1906 NGN625 scarier Ziel ace 34.7 igh Sea (1.42)! 
TOG mak (ULE cass wes 35.8 fed 52.4 ae ae (1.74)! 
1907 NOBC Ss. me 29.0 47.8 oe 80.5 EF Ae 
19072 OUMIGP S../5 siema 48.7 87.6 ee 93.6 ay 
1908" -INOnG..;.4.-. 13.4 nate 32.9 Boe 40.0 
£008. IMPs ok cece 28.0 BART 45.0 sute 44.4 ae 
1909. |None.......- 26.6 33.0 : awaits Sa ( .65)® 
1909 |MLP........ 31.6 64.8 sane _ (1.73)8 
191). jNones.4...¢. 35.9 eis 33.8 58.6 Hes Bus 
TOTO > tS PS. atc 54.6 Seat 59.4 83.3 ven 
1911 INONG es. kee 21.9 28.6 $3 3 Se sia 20.6 
1911 MLE Scam SLs 46.3 aes ate 38.0 ahae 
1912" - J None: 2 aiess 43.2 ete 55.0 ae shee 16.3! 
1039" IMLP sce 64.2 eet 81.0 er wags 20.54 
19137 |Nonessacn ase 19.4 29.2 Bes 33.8 ieee ee 
10132 cc MEP oot ean 32.0 25.0 Kee 47.8 aa 
1914°> siNone 25.05. 31.6 Stat 33.6 She 39.6 
1O14) MGP. uncnete 39.4 Cane 58.2 pens 60.4 wat 
1915s SUNOUGs... eee 40.0 49.0 She's ahs olgtate 24,2! 
1916) HIMEP ss On aox 66.0 81.2 =the Sp Ari cs 27.13 
LOG MaINOUG « « efereazs Tse Pen 37.5 27.8 Pek Bas 
TOTS IMU me) cnc 10.8 eee 64.7 40.6 ase 
1OVTae ANONGs occ 40.0 48.4 BP 68.4 
LOT ae Er aren 67.0 81.4 Be is 4 86.9 ase 
191SeeINOnes ua. . ace 13.6 Ee 2-2 nee sn (2.58) 
1918; oo/ MILE. See 32.6 Seat 59.3 Pack: moe (4.04) 
1919" -|Nones..e- 25. 24.0 30.8 dete 52.2 ome Sane 
19190" | MiP ea eee 43.4 66.2 aie 70.8 aime ie 
1920 INONO 26. cncetne 28.2 tee 37.2 Sate 52.2 mse 
1920290 | MiP eco 54.4 dasha 51.6 a 69.7 aah 
1991S SiNone nose ease 19.8 30.6 a Stes Fe .26)4 
1921 MLR Yet 42.2 68.4 vices Ari (ess) 
1022.5 None syncs cc 24.6 ae 39.3 49.2 Aa vs 
19222 —IMLP oe 39.4 Rapes 55.8 65.3 aon Setar 
1998 “|None..224 dcen 15.0 17.2 GN) 53.4 eee 
19935) MUP Sere citer 31.4 46.4 se 66.6 meas 
1924sen| | Noneasaeenee 28.0 be 36.0 ae (1.83) 
1994 el MIGPas. sens 38.0 68.5 (4.42) 
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TABLE 8—URBANA FIELD, MORROW PLOTS: GENERAL SUMMARY 


Average Annual Yields—Bushels or (tons) per acre 


Soil Corn Two-year rotation Three-year rotation 
Years treatment every \ Ab a ew Doe ee es 
applied year Corn Oats Corn Oats Clover 
16 crops 9 crops 6 crops 4 crops 4 crops 4 crops 
1888 
to 1903 |None........ 39.7 41.0 44.0 48.0 47.6 (2.03) 
21 crops 10 crops 11 crops 7 crops 7 crops 7 crops! 
1904 |None........ 25.7 36.5 35.0 51.1 45.2 (1.71) 
to 1924 |MLP........ 39.9 61.2 56.5 67.7 59.5 (2.86) 


*Including all legume crops evaluated as clover hay. 


clover. Unfortunately the numbers of crops included in these last averages 
are too small to warrant positive conclusions. 

The increase brought about by soil treatment stands out in all cases, show- 
ing the possibility not only of restoring but also of greatly improving the pro- 
ductive power of this land that has been so abused by continuous cropping 
without fertilization. 


The Davenport Plots 


Another set of plots on the University campus at Urbana, forming a more 
extensive series than the Morrow plots, but of more recent origin, are the Daven- 
port plots. Here provision is made for each crop in the rotation to be represented 
every year. These plots were laid out in 1895, but special soil treatment was 
not begun until 1901. They now comprize five series of ten plots each, and each 
series constitutes a ‘‘field’’ in a crop rotation system. 

From 1901 to 1911 three of the series were in a three-year rotation system 
of corn, oats, and clover, while the remaining two series rotated in corn and oats. 

In 1911 these two systems were combined into a five-series field, with a crop 
rotation of wheat, corn, oats, and clover, with alfalfa on a fifth field. The alfalfa 
oceupies one series during a rotation of the other four crops, shifting to another 
series in the fifth year, thus completing the cycle of all series in twenty-five years. 

The soil treatment applied to these plots has been as follows: 

Legume cover crops were seeded in the corn at the last cultivation on Plots 

2, 4, 6, and 8, from 1902 to 1919, but the growth was small and the effect, if any, 
was to decrease the returns from the regular crops. Crop residues (R) have 
‘been returned to these same plots since 1907. These consist of stalks and straw, 
and all legumes except alfalfa hay and the seed of clover and soybeans. Be- 
ginning in 1918 a modification of the practice was made in that one cutting of 
the red clover crop is harvested as hay. In conjunction with these residues a 
eatch crop of sweet clover grown with the wheat is plowed under. 

Manure (M) was applied preceding corn, at the rotation rate of 6 tons per 
aere in the three-year rotation and 4 tons per acre in the two-year rotation in 
| 1905, 1906, and 1907; subsequently as many tons have been applied as there 

have been tons of air-dry produce harvested from the respective plots. 

Lime (L) was applied on Plots 4 to 10 at the rate per acre of 250 pounds 
of air-slaked lime in 1902, and 600 pounds of limestone in 1903. No further 
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application was made until 1911, when the system of cropping was changed. 
Since that time applications of limestone have been made at the yearly rate of 
one-half ton per acre. 

Phosphorus (P) was applied on Plots 6 to 9 at the yearly rate of 25 pounds 
per acre in 200 pounds of steamed bone meal; but beginning with 1908 
rock phosphate at the rate of 600 pounds per acre per year was substituted 
for the bone meal on one-half of each of these plots. These applications 
continued until 1918, when adjustments were begun, first to make the rate of 
application of rock phosphate four times that of the bone meal, and finally to 
reduce the amounts of these materials to 200 pounds of rock phosphate and 50 
pounds of bone meal per acre yearly. In 1925 the phosphates were evened up 
to a total amount applied of 3,300 pounds of bone meal and 13,200 pounds of 
rock phosphate per acre, after which the applications are to be discontinued. 
The usual practice has been to apply and plow under at one time all phosphorus 
and potassium required for the rotation. 

Potassium (K) has been applied on Plots 8 and 9 in connection with the 
bone meal and rock phosphate, at the yearly rate of 42 pounds per acre, and 
mainly as potassium sulfate. 

On Plot 10 about five times as much manure and phosphorus are applied 
as on the other plots, but this ‘‘extra heavy’’ treatment was not begun until 
1906, only the usual amounts of lime, phosphorus, and potassium having been — 
applied in previous years. In addition, legumes were seeded in the same manner 
as on Plots 2, 4, 6, and 8. The purpose of this extra heavy treatment is to try 
to determine the climatic possibilities in erop yields by removing the limitations 
of inadequate amounts of the elements of plant food. 

It will be observed that the applications described above provide for the 
two rather distinct systems of farming already described. The grain system, 
in which animal manure is not produced and where the organic matter is pro- 
vided by the direct return to the soil of crop residues along with legumes, is 
exemplified in Plots 2, 4, 6, and 8; and the liwestock system, in which farm 
manure is utilized for soil Snshinent is represented in the conreeponding Plo 
3, 5, T, and 9. 

Table 9 shows a summary of the results obtained on the Davenport plot 
beginning with the year 1911, when the present cropping system was introduced. 

When used in conjunction with phosphorus, the crop residues and the 
manure appear about equally effective; but where phosphorus is not applied, 
manure has been decidedly more effective than residues, under the conditions 0: ; 
the experiment. It should be observed, however, in this connection, that the 
plowing under of clover is a very essential feature of the residues system, and 
that, as a matter of fact during the fourteen years there were five clover failures 
aes soybeans were substituted. Perhaps with a more reliable biennial legume 
than red clover, the results would have been more favorable for this system. 4 

By comparing Plots 2 and 3 with Plots 4 and 5, it is found that limeston 
has had a beneficial effect on all crops. What the financial profit amounts to de- 
pends obviously upon the market value of the crops and the cost of the erosion 
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TABLE 9.—URBANA FIELD, DAVENPORT PLOTS 
Average Annual Yields 1911-1924—Bushels or (tons) per acre 


Plot Soil treatment Corn Oats Wheat Clover Soybeans| Alfalfa 
: applied 14 crops} 15 crops}| 14 crens 9 crops 5 crops | 12 crops 
ei ot oie 53.1 53.2 26.6 CEP OG ore esas o> (1.47) | (2.64) 
Ate (on 53.8 54.5 29.3 ( .40) 1.23 19.8 (2.76) 
3 MMR oe clare « 64.3 62.6 29.9 op 1a) eee ee ae (1.62) (2.71) 
+ Lvl.) {Se 62.9 57.8 32.4 ( .58) 1.40 20.3 (2.99) 
5 1 is eke Se 69.0 64.8 34.8 "tesa ho) Vid (eae ae (1.67) (3.24) 
6 Ie a 69.8 (6: 42.2 Pees) 1.53 23.5 (4.10) 
7 WDE toe rf ee (Od 41.1 CSCSO NM eae clea (1.97) (4.19) 
8 POV. eis. 70.9 Ae 40.0 (ace) 1.20 25:5 (4.30) 
9 WO CS 69.0 123 40.0 GB essO)? lh eheete arm a (2.20) (4.22) 

10 (Mebisexsy ess.) 65.1 72.0 40.1 EOS ohcter ores (2.22) (4.26) 


*Including a nurse crop of oats, grown with alfalfa seeding in 1924. 


Comparing Plots 4 and 5 with Plots 6 and 7, respectively, there is found 
in all cases an increase in crop yield as a result of adding phosphorus. The 
effect on wheat is especially pronounced. Where limestone and phosphorus 


aq 


MANURE 


Me 


| Manure Manure, limestone, phosphorus 
Yield: 1.43 tons per acre Yield: 2.90 tons per acre 


Fic. 3—CLOVER ON THE DAVENPORT PLOTS 
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are applied in addition to the crop residues, an increase of 16.7 bushels of wheat, 
over the yield of the untreated land, has been obtained as a fourteen-year average. 

The effect of adding potassium to the treatment is of much interest. Plots 
8 and 9 are similar to Plots 6 and 7, respectively, except that potassium has 
been applied to the former. The small gains appearing in certain eases are 
counterbalanced by losses in others, and on the whole, potassium treatment has 
not been profitable on these plots. 

No benefit appears as the result of the extra-heavy applications of manure 
and phosphorus on Plot 10. In fact the corn yields are noticeably less here than 
on the plots receiving the normal applications of these materials. 


The University South Farm 


On the University South Farm, at Urbana, several series of plots devoted 
primarily to variety testing and other crop-production experiments are so laid 
out as to show the effects of certain soil treatments that have been applied. 
Several different systems of crop rotation are employed and the crops are so 
handled as to exemplify the two general systems of farming, grain and livestock. 

The summarized results presented in Table 10 represent three different sys- 
tems of cropping. The first, designated as the Southwest rotation, is to be re- 
garded as a good rotation for general practice, on this type of soil, under Illinois 


Tar 


ae 
htey 


Residues plowed under Residues and rock phosphate 
Yield: 35.2 bushels per acre Yield: 50.1 bushels per acre 


Fie. 4.—WuHEAT ON THE UNIVERSITY SOUTH FARM 
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Taste 10—URBANA FIELD, SOUTH FARM 
Average Annual Yields 1908-1919—Bushels or (tons) per acre 


Southwest Rotation: Series 100, 200, 400': Wheat, Corn, Oats, Clover? 


Soil treatment Corn? | Oats* | Wheat® | Clovert Soybeans 

applied* 9 crops 9crops | Scrops | 3 crops ? crops 

ae 3 62.3 1.9 | 400) 6] (1.08 17.38 

RSS eee 51.9 46.5 | 2:05 bts 16.28 

Be oe 59.7 en Ce a eo BY) (1.25) 

\ hey es!) i a 64.3 55.4 | 43.1 | (2.86) | (1.51) 

} 

(Ree ee O51 87.9 SB t od 64 | 16.4 
Te ie Oe 49.7 49.6 25.8 83 : 14.75 
ck CR IRS A kiss <5 55.5 54.1 27.8 ) 2.31) (1.28) 

UR Bn 2 64.1 59.6 43.9 | (2.82) (1.58) 

North-Central Rotation: Series 500, 600, 700°: Corn, Corn, Oats, Clover 
: Corn Corn q Sees. 
eee ist year 2d year Poe ie ad Gar er | parents 
PP 9 crops 9 crops a ) an a. 

ee ae 56.7 51.1 56.1 | 4 16.9 

yi oes 2 ek a 51.7 45.2 52.0 .50 16.0 

OY beats: i 54.9 46.7 52.1 (2. 29) (1.60) 

Re. SEs eee 56.5 53.4 56.9 | (2.73) : (1.74) 

South-Central Rotation: Series 500, 600, 700': Corn, Corn, Corn, Soybeans 
. Corn Corn Corn Piet HARC 
<a Ist year 2d year 3d year oa a 
, PP 9 crops 9 crops 9 crops : P 

lt A Qe OS: oe 51.9 44.0 41.3 20.0 

ARR 4 45.5 39.9 35.2 19.2 

RSE ae 50.1 42.1 33.5 | (1.59) 

a ae 54.5 46.7 420 | (1.66) 

1 : Results from Series 300 and 800 are omitted on account of variation in soil type. 
beans when clover fails. 


y seven crops with limestone. 
‘ ‘ Onky one crop with limestone. 
5 Average of five crops. 
6 All phosphorus plots received ‘4 ton per acre of limestone in 1903. 


-eonditions. This is a four-field rotation of wheat, corn, oats, and clover.. The 
second, or North-Central rotation, consisting of corn, corn, oats, and clover, 
represents a system very commonly practiced; and the third or South-Central 
rotation, consisting of corn, corn, corn, and soybeans, must be considered as a 
poor rotation from the standpoint of maintaining the productiveness of the lane. 

On the whole, the residues have not returned as high yields as those pro- 
duced by the manure treatment; but, as remarked above in the discussion of 
the Davenport plots, the residues system has probably been at a disadvantage 
thru frequent clover failures. On the North-Central rotation, where conditions 

’ seem to have been more favorable for clover, there is relatively little difference 

between the effect of manure and of residues. 

Limestone, which has been used in the southwest rotation, appears to have 
produced no increase of consequence to any of the crops except oats. The com- 
parison may be somewhat impaired, however, by a possible residual effect of 
\ the small application of limestone made in 1903 to all the phosphorus plots. 
The results obtained from the use of phosphorus are of especial interest be- 
; cause this element has been applied on this field solely in the form of raw rock 
‘ 


ce Sheard eee 
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Taste 11.—Comparina PropuctTion or CorN IN THREE DIFFERENT ROTATION SYSTEMS 
Acre YIELDS FROM PLOTS ON THE UNIVERSITY SoUTH FARM 


Twelve-Year Average (1908-1919)—Bushels per acre 


Wheat-corn- | Corn-corn-oats- Corn-corn-corn-legume? 


Rotation oats-legume! legume? 

Treatment Corn 1stCorn 2d Corn | IstCorn 2d Corn 3d Corn 
Organic ManUress... .suesese nieees 55.8 53.3 46.0 47.8 41.0 34.3 
Organic manures, phosphorus.... . . 63.2 56.6 52.3 53.2 45.3 41.6 


1 Clover 3 crops, and soybeans 7 crops. 
2 Clover 5 crops, and soybeans 5 crops. 
3 Soybeans 9 crops. 


phosphate. The figures in almost every case show an increase in yield where 
the phosphate has been applied, and in most cases this increase is very pro- 
nounced. The wheat is especially responsive to phosphorus. 

The records from this field furnish some interesting comparisons of corn 
yields produced under different systems of cropping. Table 11 gives a general 
summary of the corn yields only, in which the results from the residues and 
manure treatments are averaged together as ‘‘organic manures.’’? The highest 
annual aere-yields are found where corn occurs but once in a rotation. Where 
corn is grown twice in succession, the annual acre-yields are less; and where 
corn occurs three times, there is a further reduction. Also, the first erop of corn 
within a rotation produces more than the second, and the second crop yields 
more than the third. These are useful facts for consideration in connection 
with problems of general farm management. 


The Aledo Field 


An experiment field on Brown Silt Loar is located in Mercer county just 
west of Aledo. This field has been in operation since 1910. From its physical 
aspects this field should be well adapted to experimental work, the land being 
unusually uniform in topography and in soil profile. 

There are two general systems of plots and they are designated as the major 
and the minor systems. The major system comprizes four series (numbered 100, 
200, 300, 400) made up of 10 plots each. The plots were handled substantially 
as described for standard treatment until 1922, when a number of changes were 
introduced. The rotation practiced was wheat, corn, oats, and clover, until 1923, 
when the cropping program also was modified. 

Table 12 presents a summary of the results showing the average annual yields 
obtained for the period beginning when complete soil treatment came into sway 
and ending with the year 1922, after which the crop rotation was changed. 

Soybeans have been substituted several times for red clover when the latter 
failed. For the present purpose only the grain crops are considered in the sum-— 
mary. The lower section of Table 12 gives comparisons in terms of crop increases 
intended to indicate the effect of the different fertilizing materials applied. } 

In looking over these results we may observe first the beneficial effect of — 


animal manure on all crops, but especially marked on the corn. This suggests 
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TABLE 12.—ALEDO FIELD: GENERAL SUMMARY OF THE GRAIN CROPS 
Average Annual Yields 1912-1922—Bushels per acre 


Serial Plot z ‘ Wheat Corn Oats 
se Soil treatment applied 8 crops 11 crops 10 crone 

1 os A eS a 29.9 67.3 59.0 

2 Ce 34.0 68.7 63.8 

3 Voi oy. cand Sp ie ee 33.4 70.8 65.0 

4 i PMMA Doce 1g) 5s ia) oa lale ale!c Gis @nie'e" Sox (222 64.7 

5 SNP e aoc old nie dice sive vias dere arse avs SL ,.2 59.4 61.2 

6 Oa OS a ee 31.5 63.2 60.4 

rf MEE oes a cies tele cise e wste el 32.4 69.5 64.5 

8 NEE MTT s/c gosto cta i bi side eve oles 'o-eh oko 36.9 70.4 65.2 

ne 35.0 | 70.8 67.2 

10 a a orc Gh di sas. slic = Fi0is 0.0 uO spon a ook 58.7 56.0 

M SPR RNR yo, rcp SialscoaiA rv a an Mischa © Si: 10.2 bul 

R “Sn te Ob ae le an a 8 4.7 Ley, 

RUPE GROEN L . yg vc b/s pie bo oa weve ose arde oe —.6 Dae ne 

RPTL ttn ere eos igs cise vid Scela ed's 6 9 G43" 4.1 

lel SOW i. ne Pe 1.4 —.3 

ONL LS “On GCS] 0 ri 4.5 9 ag 

OS LLETS. gah L341] —1.9 4 2.0 


the advisability of carefully conserving and regularly applying all stable manure. 
Residues, alone, have as yet shown little effect. 

Where limestone has been applied, there is usually a small increase in 
average yields, the increase becoming particularly marked in the corn crop in 
the residues system. 

Aside from the case of the wheat, the results show little or no effect from 
adding rock phosphate to the treatment, and at prevailing prices the cost of 
applying the phosphate would not be covered. However, the economic story 
has not all been told, for the application of lime and phosphate on these plots is 
to be discontinued in order to observe the residual effects. The results of the 
next few years, therefore, will be awaited with great interest. 

For the effect of potassium treatment, we may compare Plots 8 and 9. No 
significant response appears as the result of applying potassium, so far as these 
common field crops show. 

A number of problems have arisen out of the experience on this and other 
experiment fields which call for some revision of the investigations described 
above, and accordingly certain changes are to be made in the future conduct 
of these plots which are intended especially to throw more light upon the prob- 
lems of liming and applying phosphorus. (See Soil Report No. 29, Mercer 
County Soils). 


Experiments on the Minor Series 


_The so-called minor system of plots (Series 500, 600, 700, 800) on the Aledo 
field is given over to a comparison of the effectiveness of different carriers of 
phosphorus. 

In this experiment each series contains four plots. Plot 1 receives residues 
treatment only; Plot 2 receives residues and phosphorus in one of the forms 
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under test; Plot 3 receives residues, limestone, and phosphorus; and Plot 4 is 
similar to Plot 3 with phosphorus omitted. On one series, steamed bone meal 
(bP) is used as the carrier of phosphorus and is applied at the rate of 200 
pounds per acre per year. On another series, acid phosphate (aP) is applied at 
the yearly rate of 33314 pounds per acre. On a third series, rock phosphate (rP) 
serves as the source of phosphorus, applied at the rate of 66624 pounds per acre 
yearly, and on the last series, basic slag phosphate (sP) is applied at the rate of 
250 pounds per acre yearly. 

The yields for all crops harvested on these plots during the first nine years 
are recorded in Table 13. Table 14, which is derived from Table 18, shows differ- 
ences in crop yields presumed to have resulted from applying the various forms of 
phosphatic fertilizers for the nine crops harvested since the beginning of the ap. 
plications up to 1924. In computing these comparisons all residues plots are 
combined into a single average for the respective crops, as are all lime-residues 
plots, and these figures stand as checks against the corresponding phosphated plots. 

Aside from the soybeans, the figures show without exception more or less 
crop increase on the phosphorus plots, no matter what the form of carrier em- 
ployed. The difficulty, however, of arriving at a general conclusion regarding 
the comparative economy in the use of these different phosphorus materials is 
obvious, for all depends upon their relative cost, which fluctuates from time to 
time. Furthermore, the prices received from farm produce likewise fluctuate ; 
and to complicate matters still further, these fluctuations do not necessarily run 
parallel with those of the fertilizer cost. However, one may readily compute for 
himself the relative economy of producing these crop increases by applying any 
set of prices for crops and fertilizers which appear to be most applicable accord- 
ing to prevailing market conditions. 


TABLE 13—ALEDO FIELD: PHOSPHATE EXPERIMENT 
Annual Crop Yields—Bushels or (tons) per acre 


Plot | Soil treatment —_| 1916*| 1917*| £918" 1919 | 1920 | 1921 | 4222 | 1923 | 1924 
No. applied! Corn | Oats cae Wheat} Corn | Oats hay Corn | Corn 
BOLHRE ees cc See 53.41 85.5 | 18.9 | 32.4 | 72.8 | 48.9 |(2.88)] 83.5 | 58.2 
BOE RES (302s eee: 61.7 | 91.7 | 19.0 | 34.7 | 86.4 | 61.9 |(3.25)| 82.7 | 66.0 
BIH DE sca pee 61.5 | 90.6 | 23.2 | 35.6 | 87.3 | 53.3 |(3.48)| 82.5 | 66.8 
BOG ELAN. och; coer eee 55.1 | 80.5 | 22.6 | 32.9 | 77.7 | 47.7 |(2.61)| 88.2 | 60.3 
BOE Ihe, oA pee 55.2 | 84.7 | 19.5 | 33.0 | 71.2 | 53.6 |(3.17)] 84.7 | 57.3 
BUD REP 5.1 ee 57.8 | 87.7 | 18.7 | 38.3 | 87.1 | 60.9 |(3.23)] 82.5 | 65.9 
2 sid [2a 0s cee Bo te 64.7 | 83.4 | 23.1 | 38.2 | 88.1 | 52.3 |(3.53)| 77.6 | 64.7 
OOF MRIs: 2 cc He 51.9 | 81.7 | 24.6 | 32.8 | 84.9 | 50.2 |(3.06)] 84.1 | 51.9 
Wil ie Ae eee 54.3 | 83.1 | 20.8 | 34.2 | 75.6 | 52.8 |(3.41)] 82.8 | 61.2 
70 MRYPs hee een, 58.8 | 83.3 | 23.3 | 36.7 | 80.4 | 63.0 |(3.60)| 87.8 | 69.3 
PAS NRIRD. os cic ede 57.2 | 81.2 | 28.1 | 36.7 | 80.2 | 53.3 |(3.82)] 86.6 | 70.8 
FUR Gt ee 52.1 | 81.7 | 26.9 | 34.1 | 82.0 | 48.9 |(3.15)] 84.6 | 62.5 
Stile sess eee 57.6 | 73.8 | 18.0 | 33.7 | 68.1 | 54.8 |(2.62)| 74.3 | 58.8 
B02 dRaP.. 6. sucka aban 56.4 | 87.8 | 20.6 | 38.1 | 81.0 | 66.2 |(3.66)| 80.0 | 69.1 
BOS R Tar. ich, eee 53.3 | 78.9 | 23.7 | 38.4 | 83.6 | 57.0 |(3.63)| 82.0 | 70.2 
S02 Rie cee 51.8 | 77.5 | 21.8 | 33.3 | 70.4 | 59.8 |(2.99)| 82.6 | 59.9 


*Bone meal (bP) at the rate of 200 pounds per acre per year. 

Acid phosphate (aP) at the rate of 33314 pounds per acre per year. “ 
Rock Phosphate (rP) at the rate of 66624 pounds per acre per year. 

Slag phosphate (sP) at the rate of 250 pounds per acre per year. 

All minerals applied once in the rotation ahead of the wheat crop. 

*No residues. 
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Taste 14.—ALEDO FIELD: Crop Increases ror Various Forms or PHOSPHATE 


Basep Upon Resuurts In TABLE 13 
1916-1924 


. Wheat Corn Oats Clover | Soybeans 
Comparison of treatments Vien | deropa' | crepe Leroy 1 oop 

Bone meal and residues over residues... .. 1.4 7.4 9.7 (.23) —.3 
Bone meal, lime, and residues over lime 

Ce 2.3 5.8 5.9 (..53) —.8 
Acid phosphate and residues over residues 5.0 6.5 7.2 (21) —.t 
Acid ph te, lime and residues over 

EE ES 4.9 5.0 1.8 (.58) —.9 
Rock phosphate and residues over residues 3.4 7.3 6.0 (.58) 4.0 
Rock phosphate, lime and residues over 

Ge a 3.4 4.9 EZ (.87) 4.1 
Slag phosphate and residues over residues 4.8 4.8 9.9 (. 64) he 
Slag phosphate, lime, and residues over 

SONG AN POMOUCS., ocho ccc enc cenes 5.1 1 en a (.68) —.3 


For the purpose of furnishing an illustration of such a computation, the 
following set of arbitrary prices may be assumed as representing approximately 
average market conditions for the past ten years: wheat, $1.25 per bushel; corn, 
75 cents; oats, 45 cents; soybeans, $1.50; and clover, $15 per ton. For the cost 
_ of the various phosphatic materials the foliowing estimates are used: bone meal, 

$40 per ton; acid phosphate, $24; rock phosphate, $12; and slag phosphate, $20. 
_ These values seem to be conservative enough. The figures for crop values are all 
under the average December 1 farm price quotations for the ten-year period 
1914-1923. Furthermore, it may be pointed out that the quantities of phosphatic 
materials employed in these experiments are, with the possible exception of the 
slag phosphate, greater than ordinarily would be used, or need to be used, in 
good farm practice. 

Figured on the basis of these prices, it appears that both bone meal and acid 
phosphate, as used on these plots, have been applied at a financial loss, whether 
accompanied by limestone or not, while rock phosphate and slag phosphate have 
each yielded a profit. Counting in all crops, the net loss for bone meal was 4 
cents per acre per year when applied without limestone, and 41 cents applied 
with limestone. The use of acid phosphate without limestone resulted in a loss 
of 17 cents, while with limestone the loss was 66 cents. Rock phosphate produced 
a profit of $1.14 when used without limestone, but with limestone the profit 
was reduced to 36 cents. Slag phosphate furnished the most profitable return of 
any of the phosphorus carriers, producing an average profit of $2.04 an acre 
yearly when used without limestone and 60 cents used with limestone. 

In considering these figures let it be emphasized again that the order of 
these values might easily be shifted by a relatively small change in commodity 
prices. 

Considering the results from the standpoint of limestone as applied on the 
‘plots of the minor series, the following observations are to be made. 

- Limestone at the rate of 4 tons per acre was applied to Plots 3 and 4 in 1912, 
when the land was still under alfalfa, and another dressing was added in 1917, 
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TasiE 15.—ALEDO FIELD: Crop IncrEAsEs ror LIMESTONE 


Basep Upon Resurts In TABLE 13 
1916-1924 


es 


Wheat Corn Oats Clover | Soybeans 


Comparison of treatments 


1 crop 4crops | 2 crops 1 crop 1 crop 

Residues, limestone over residues......... 0 2.0 —1.2 |(—.07) 4.7 
Residues, limestone, bone meal over resi- 

ues sDONCINAAlS, Lic cuoere seen eete 9 3 —4.8 (.23) 4.2 
Residues, limestone, acid phosphate over 

residues, acid phosphate.............. —.1 5 —6.4 (.80) 4.4 
Residues, limestone, rock phosphate over 

residues, rock phesphate.............. 0 —.4 —5.9 (.22) 4.8 


Residues, limestone, slag phosphate over 
residues, slag phosphate............... 3 4 —9.0 (.33) Bad 


after the present experiments were under way. The effect of this limestone, in 
terms of crop increase, is set forth in Table 15. 

Comparing, first, the results from the check plots, which receive no phos- 
phorus, it appears that the limestone used with residues alone has been of benefit 
to the corn and the soybean crops only. 

Considering all treatments as a whole, the soybeans exhibit a consistent gain 
in yield from the use of limestone, while oats, on the other hand, respond by a 
consistent loss. Wheat and corn on the whole show a rather indifferent response. 
If we consider the money value of these crop increases on the same basis as above, 
we find a gross return for limestone, applied without phosphate, of $1.30 per 
acre per year. Limestone with bone meal has returned, in gross, 83 cents per 
acre per year; with acid phosphate, 73 cents; with rock phosphate, 44 cents; 
and with slag phosphate, 65 cents. It is doubtful, therefore, whether limestone, 
used with phosphates in the manner described has, up to the present time, paid its 
cost on these plots. The Aledo field represents one of these borderline cases, so 
to speak, in which the upper soil is neutral or only slightly acid and the lime re- 
quirement, therefore, not yet very marked. As time goes on, however, and crop- 
ping continues, the need of lime will develop. It is planned to discontinue liming 
on these plots until its need becomes manifest, and in so doing the annual cost 
of the limestone already applied will become automatically reduced, so that net 
returns which hitherto have represented a loss may sooner or later result in a 
positive profit. 


a 


The Galesburg Field 


Another field which should be of interest in this Report, because of its 
proximity to Rock Island county, is the Galesburg field. This field lay six miles 
west of Galesburg. It was established in 1904 and was continued until 1918. 
It was laid out into three series of twenty plots each with treatments as indi- 
cated in Table 16. The original rotation was corn, corn, oats, wheat, clover, 
and timothy, but this was changed in 1909 to corn, corn, oats, clover, wheat, 
and clover. i 

All phosphorus was applied in the form of rock phosphate at the rate of 
500 pounds per acre per year. At the beginning, a dressing of 1,300 pounds of 
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TABLE 16.—GALESBURG FIELD: Genera SUMMARY OF Crop YIELDS 
Average Annual Yields 1908-1918—Bushels or (tons) per acre 


Serial Soil Corn Corn Corn 
plot | treatment fens following] average | Oats | Wheat | Barley | Clover |Soybeans 
: clover corn 

No. applied 6 crops | 5 crops | 11 crops| 5 crops | 4 crops | 1 crop | 4 crops | 4 crops 
Pi Natiegactee eras 54.8 45.9 50.8 44.4 21.7 22.5 (2.12) } (1.16) 
Poi Biles bigs Sere 65.6 53.1 59.9 47.5 26.6 Pol al DAA capes pete 13.8 
ML LS Bhatt rs: 73.8 Chek 68.0 47.8 28.9 25.5 (2.67) | (1.56) 
4 \CyML........ vo. 1 60.8 68.6 47.4 28.4 25.6 (2.45) | (1.53) 
BT Tins seek 61.6 51.0 56.7 46.8 25.2 21.7 (2.37) | (1.27) 
65 WP Sauee 70.6 58.1 64.9 51.1 33.8 24.2 (2.86) 14.1 
TL Ree 74.9 58.0 67.2 51.8 36.4 On be a 0d Son 15.6 
SHIM EES. 2. 76.1 65.1 vg len! 51.0 32.7 26.8 (2.90) | (1.65) 
9 |CvMLP 74.7 66.1 70.8 50.8 33.3 33.0 (2.91) | (1.62) 
LA iy Wp oa 59.7 47.3 54.1 45.9 22.2 23.0 (1.94)!| 12.7 
Tin [LPs ts o), 68.8 60.9 65.2 49.4 32.7 22.7 (3.03) 15.5 
12> (RUPE. 75.1 61.7 69.0 48 .2 34.8 Slayte WO \ beens 15.9 
13 |MLPK. 73.8 63.8 69.3 49.8 32.3 29.7 Sho Dal a today 
14 CvMLPK.. 74.8 67.0 Tis: 48.0 33.3 35.1 (3.27) |, G67) 
:Usyipal | aes Seige 60.7 46.1 54.0 43.4 19.6 25.5 (2.08) } (1.81) 
EG) || Risesnowisa.. 62.8 | 49.7 56.8 43.7 24.7 2S ed eee 12.5 
TG Ut ae ae vA yal 54.2 63.4 51.9 36.0 OIE ONY Pai care sis 14.2 
13 RP Re. 74.3 56.4 66.2 51.9 39.2 Dae OPA ects «else 14.3 
19 |RLNPK 79.1 60.4 70.6 52.4 36.5 GORD Atri erets « 17.4 
AOL Ub sin st seen 59.3 47.6 54.0 43.3 25.8 24.9 (1,82) | (1:14) 


Only 2 crops from this plot. 


limestone per acre was applied and no more was added until 1913, when an 

application of 4 tons per acre was made. The potassium was applied in 100 
pounds of potassium sulfate per acre. On Plot 19 nitrogen was applied in 200 
pounds of dried blood per acre yearly. Some legume cover crops were grown in 
the corn. 

A general summary of the annual crop yields is assembled in Table 16. 
Following are some of the salient points brought out by a study of the various 
possible comparisons. 

1. Residues without limestone produced very little effect on crop yields, 
but used with limestone there was a noticeable i increase in the residues plots over 
_the non-residues plots. 

2. Manure used in the liberal manner of these experiments, along with lime- 

stone, produced very beneficial effects. Measured by crop increases, the effect of 

manure and limestone was about twice that of residues and limestone. It should 
be borne in mind, however, in this connection that in this system the land re- 
ceived regularly manure at the rate of 3 tons per acre per year, a practice that 
would be difficult to carry out on many farms. 

3. The use of limestone alone, all crops considered, resulted in a financial 
loss. In combination with residues, however, limestone produced a beneficial 
effect. 

4, Rock phosphate in the residues system produced very pronounced and 
profitable increases in crop yields, used either with or without limestone. Also, 

_ without residues the increases in crop yields were large. 
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Used with animal manure, however, the increases resulting from phosphate 
were not nearly so large; in fact, the increases attributable to phosphorus in the 
manure system are scarcely sufficient to cover the cost of the rock phosphate em- 
ployed. This is a commonly observed result, explained probably by the fact that 
the manure itself carries a considerable quantity of phosphorus which supplies 
directly much of the crops’ need for this element of plant food. 

5. Potassium in the form of potassium sulfate appears in five different 
fertilizer combinations on these plots, but the various possible comparisons show 
no significant effect from potassium. In a large proportion of the cases the 
figures indicating increase carry the minus sign, and altogether the small dif- 
ferences exhibited are doubtless well within experimental error. 

6. Nitrogen, as applied in the form of dried blood and in combination with 
residues, limestone, phosphorus, and potassium, likewise proved ineffective, re- 
sulting in a considerable economic loss thru cost of material. 

7. Cover crops, in the three different combinations tried, produced no sig- 
nificant effect so far as crop yields indicate. 


The Kewanee Field 


Another field in the vicinity of Rock Island county is the Kewanee field, 
located in Henry county about three miles southwest of Kewanee. ‘This field 
has been under way since 1915. The erops grown are wheat, corn, oats, and 
clover. The arrangement of plots and the treatments applied are indicated in 
Table 17. This table includes the yields of the grain crops, omitting for the 
present purpose the clover yields. 

Summarizing the data in the fashion of Table 17 the following observations 
may be made. 


TABLE 17.—KEWANEE FIELD: GENERAL SUMMARY OF THE GRAIN CROPS 
Average Annual Yields 1917-1924—Bushels per acre 


Serial ; : Wheat Corn Oats 
Plot No. Soil treatment applied 6 crops 8 crops 8 crops 

1 Oi ssipashtc Oh Wala Roots, aot Re Ree eo Ro eorens 31.0 54.1 58.8 

2 IML 22 cyetpeind tao ee oe ce enone eee Soa 63.5 68.1 

3 1 ER ne eG eh Sit en Dose ee 35.6 67.6 aloes 

4 MEBs chore sare cui orecte rare 38.8 67.6 70.1 

5 Oy iacorensics tices ee er eh Rigas OnE eer ee ee a2 22 baie | 60.9 

6 TRS cas ha 2d aie See a ae wae ae 32.9 56.9 58.7 

7 1D Pe ee aoa Ie oe o oe Bond 65.7 63.0 

8 TRACP tae terte cere Seneca oe Oe eer ee 38.1 68.8 65.9 

9 Neel Eo SMA cg eNO eS Phos 4 c Obs ciot 38.2 Yaleary 67.5 
10 ONE at eee earn eg ap tore aie, ee 30.6 50.6 ess 
M OVEROL SR Nas cotter een eae 1.4 10.2 9.8 

R £ENe Pi emt ete ast te etsy ae oe 1.6 3.6 4 

ML AEM: (se Alter EA aa es Serene th Me 2.9 4:1 3.2 

RL pedir koe cae tces oie: eit oe eet ete 2 8.8 4.3 

MUL Peg NL afc eines ert aera Bia 0.0 -1.2 

RLP SO ASEUIG ES Sure eee eee on Soa 2.9 


REPK REP A ae eee 4 2.9 1.6 
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1. The response to treatment with stable manure stands out clearly in the 
increase in production. 

2. Residues without limestone have not produced a very decided effect on 
erop yields. 

3. The effect of limestone appears to have been beneficial used either with 
manure or with residues. 

4. Phosphorus, as usual, has been more effective applied with residues than 
with manure. In the residues system the rock phosphate has been applied with 
profit, while in the manure system the inereases in crop yield are not sufficient 
to cover the cost. 

5. Potassium has produced no effect upon the yields of these crops that can 
be considered significant. 


EXPERIMENTS ON BLACK CLAY LOAM 
The Hartsburg Field 

The results of experiments on the Hartsburg field are introduced as repre- 
senting the soil type Black Clay Loam. This field is located in Logan county 
just east of Hartsburg. The work began in 1913. The field was laid off into 
five series of 10 plots each. The crop rotation up to 1923 was wheat, corn, oats, 
and clover, with alfalfa growing on a fifth series. The soil treatments are as in- 
dicated in Table 18. The table summarizes, by crops, the yields of grain for the 
period during which the plots have been under full treatment. 

The outstanding feature of these results is the large increase in yields pro- 
duced by residues, which even exceeds the increase brought about by the use of 
stable manure. 


TABLE 18—HARTSBURG FIELD: GENERAL SUMMARY OF THE GRAIN CROPS 
Average Annual Yields 1913-1924—Bushels per acre 


Serial . . Wheat Corn Oats 
Plot No. Soil treatment applied 9 crops 12 crops 11 crops 

1 Voce dont J ano Oy ORE ee 23.9 44.0 46.6 

2 INU os on 2d En 29.3 52.6 51.8 

3 ISL. 3 <3 67.6 deanna 36.1 59.5 57.8 

4 MUU, 6.6 360 bC0S pe aera 39.0 58.5 57.7 

5 (ane a dob oa Oe re 31.8 48.3 44.7 

6 LBs oS 5 O00 0 OKO TE one ee 34.3 59.3 54.6 

7 IRD 3 00506 AD eee ee 32.8 64.0 52.5 

8 TRL 0:6 6 oe ee ee rr 36.5 61.9 56.8 

0 LGLUL Te os 6 Le 35.4 61.7 56.2 

10 We connec boc Renee aE eee 32.3 49.0 47.9 

M ONL (Uh o or, A cote MN ener eee 0.0 5.5 4.4 

“ls Ui 5.0 12.2 7.2 

ML CO IN S08 ea aa aaa 6.8 6.9 6.0 

RL MMIC Ee oP tai oi «(eyecare le siee 52 —1.5 =—21 4.7 

| IWODIe) 2 “UN ere cece ae Po 2.9 —1.0 — 1 

ICE R MEU Lara Sets tale ayaueysl sib tobe wie't « 3.7 —2.1 4.3 

LiviUL27 KC? UAL ED pee en a = .9 — .2 alo 
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The behavior of limestone on this field is rather peculiar in that it has been 
more beneficial where applied with manure than where used with residues. Used 
with manure, limestone gave a substantial increase in all grain crops, while with 
residues, the effect on both wheat and corn appears negative. 

Altho rock phosphate has given some increases in wheat yield in both manure 
and residues systems, the results with other crops have been such as to render 
the use of this material unprofitable on this field. 

The addition of potassium appears to have produced a slightly depressing 
effeet upon the yields of all grain crops. 

It may be mentioned that new experiments have been recently started on 
these plots which are designed to answer some of the questions brought out by 
the foregoing results. For example, the effect of applying phosphorus in other 
carriers and in different combinations, as well as testing the residual effect of 
phosphate already applied, will be tried. 


EXPERIMENTS ON YELLOW SILT LOAM 


Inasmuch as about one-fifth of the area of Rock Island county is made up 
of Yellow Silt Loam, much of which is subject to erosion, it is believed that an 
account of some experiments on the Vienna field will be of interest here. 


The Vienna Field 


In 1906 the University acquired a sixteen-acre tract of badly eroded land 
characteristic of the region, near Vienna in Johnson county. The whole area 
with the exception of about three acres had been abandoned because so much of 
the surface soil had washed away and there were so many gullies as to render 
further cultivation of this land unprofitable. Experiments were started at once 
to reclaim this land, the different methods described below being used for this 
purpose. 

The field was divided into five sections. The sections designated as A, B, 
and C were divided into four plots each, and D into three plots. On section A, 
which included the steepest part of the area and contained many gullies, the 
land was built up into terraces at vertical intervals of five feet. Near the edge 
of each terrace a small ditch was placed so that the water could be carried to a 
natural outlet without doing much washing. 

On section B the so-called embankment method was used. By this method 
erosion is prevented by plowing up ridges sufficiently high so that on the occa- 
sion of a heavy rainfall if the water breaks over it will run over in a broad sheet 
rather than in narrow channels. At the steepest part of the slope, hillside 
ditches were made for carrying away the run-off. 

Section C was washed badly but contained only small gullies. Here the | 
attempt was made to prevent washing by incorporating organic matter in the 
soil and practicing deep contour plowing and contour planting. With two 
exceptions, about eight loads of manure per acre were turned under each year 
for the corn crop. 

The land on section D was washed to about the same extent as that of sec- 
tion C. As a check on the different methods of reducing erosion, the land on | 
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Fig. 5.—VIEW OF AN UNIMPROVED HILLSIDE JuST OVER THE FENCE FROM THE FYELD 
SHOWN IN Fia. 6 


section D was farmed in the most convenient way, without any special effort 
being made to prevent washing. 

Section E was badly eroded and gullied and no attempt was made to crop 
it other than to fill in the gullies with brush and to seed the land to grass. 

Sections A, B, C, and D were not entirely uniform; some parts were washed 
more than others and portions of the lower-lying land had been affected by soil 
material washed down from above. When the field was secured, the higher land 
had a very low producing capacity. On many spots little or nothing would grow. 

Limestone was applied to the entire field at the rate of 2 tons per acre. 
Corn, cowpeas, wheat, and clover were grown in a four-year rotation on each 
Section except D which had but three plots. 


\ x % pt: * : 
" ; : oR 


Fic. 6—Corn GROWING ON IMPROVED HILLSIDE OF THE VIENNA EXPERIMENT FIELD. THIS 
LAND FoRMERLY HAD BEEN BADLY ERODED. COMPARE WITH FIG. 5 
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TABLE 19—VIENNA FIELD: Hanpuine HILLsipeE LAND TO PREVENT EROSION 
Average Annual Yields, 1907-1915—Bushels or (tons) per acre 


. Corn Wheat Clover 
Section Method 7 crops 7 crops 3 crops 
A’ .|'Terrace::<::.ceceeir ae cae 31.4 9.0 (0.68) 
B- |Embankments and hillside 
ditchés...% samo eae or 32.4 12571 (0.97) 
C  |Organic matter, deep contour 
plowing, and contour planting 27,9 17 (0.80) 
DD oe Check: «ntti oe eae ene 14.J 4.6 (0.21) 


Table 19 contains a summarized statement of the results obtained. 

These results indicate something of the possibilities in improving hillside 
land by protecting it from erosion. The average yield of corn from the pro- 
tected series (A, B, and C) was 30.6 bushels per acre, as against 14.1 bushels 
for series D; wheat yielded 11.1 bushels in comparison with 4.6 bushels; and 
clover .82 ton in comparison with .21 ton. 

A comparison of Figs. 5 and 6 will serve to indicate the possibility of im- 
proving this type of soil. 


EXPERIMENTS ON DUNE SAND 
The Oquawka Field 


In 1913 the University established an experiment field on Dune Sand, Ter- 
race, in Henderson county, near the Mississippi river. This field is divided into 
six series of plots. Corn, soybeans, wheat; sweet clover, and rye, with a catch 
crop of sweet clover seeded in the rye on the residues plots, are grown in rotation 
on five series, while the sixth series is devoted to alfalfa. When sweet clover 
seeded in the wheat fails, cowpeas are substituted. 

Table 20 indicates the kinds of treatment applied, the amounts of the ma- 
terials used being in accord with the standard practice, as explained on page 46. 

The data make apparent the remarkably beneficial action of limestone on 
this sand soil. Where limestone has been used in conjunction with crop residues, 
the yield of corn has been doubled. The limestone has also produa™ good crops 
of rye and fair crops of sweet clover and alfalfa. 

This land appears to be quite indifferent to treatment with rock phosphate. 
The analyses show, however, that the stock of phosphorus in this type of soil is 
not large, and it may develop as time goes on and the supply diminishes along 
with the production of good-sized crops, that the application of this element will 
become profitable. It is also quite possible that a more available form of phos- 
phate could be used to advantage on this very sandy soil. 

Altho the results show an increase of 3.5 bushels of corn from the use of 
potassium salts, with ordinary prices this would not be a profitable treatment. 
The slight increases appearing in the other crops are scarcely significant. 

A significant fact which the above summary does not bring out is that im- 
provement under favorable treatment has been progressive as evidenced by a 
very marked upward trend in production after the first few years. For example, 
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TABLE 20.—OQUAWKA FIELD: Summary SHOWING AVERAGE ANNUAL YIELDS 1915-1924 
Bushels or (tons) per acre 


Serial Soil Soybeans Sweet clover! 
plot | treatment | Corn eek CRS ines Wheat ee Rye | Alfalfa 
No. applied |20crops| Hay Seed |2Ocrops| Hay Seed | & crops | 7 crops 
5 crops | 4 crops _4 crops | 4 crops 
L pllOecrsesynis spots U7 21 ( .89) 8.9 8.4 ( .00) 00 12.2 ( .34) 
2 OOIVER N tasete a 21.6 (1.01) 1a a 11.6 ( .00) 00 13.9 (55) 
Fo bee BAY DBs Seth 28.1 (1227) 14.8 15.2 (1.20) .80 26.4 (2.07) 
AMER Tok: 27.0 (1.20) 14.9 15.5 (1.26) 74 25.1 (2.15) 
Seed Hay Seed 
9 crops 2 crops | 6 crops 
OF? Osea. 1S et ene ee 5.9 10.5 ( .00) .00 12.7 ( .06) 
Gat Ee Gees « ED Gos Fara ee 6.4 ay ( .00) 00 13.7 ( .05) 
GP MISE oe ae See ere g 10.3 14.4 (1.47) 1.26 26.5 (1.81) 
Peet] 2s aa 5A CS) a 10.2 14.7 (1.39) 1.21 26.4 (ES7Q) 
9 |RLPK 31 Gin Why Ges Same 9.6 13.5 (1.53) 1.43 28.5 (1.89) 
IO OSrecae <. 15.8 ( .60) 6.6? 9.0 ( .00) 00 10.9 ( .05) 


*In 1918 sweet clover was killed by being eut for hay. Soybeans were seeded on these plots 
and the following yields obtained: .86, 1.10, 1.93, and 2.00 tons of hay per acre on Plots 1 to 4; 
11.1, 9.9, 14.6, 15.8, and 16.6 bushels of seed per acre on Plots 5 to 9; and .62 ton of hay per 
acre on Plot 10. 74 crops. 


it may be noted that the yields under the limestone-residues treatment for the 
entire 10-year period are: corn, 33.8 bushels; soybeans, 10.3 bushels; wheat, 
14.4 bushels; and rye, 26.5 bushels per acre, but if we take the average of these 


Manure Manure and limestone 
Yield: Nothing Yield: 4.48 tons per acre 


Fie. 7.—ALFALFA ON OQUAWKA FIELD In 1918 
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same plots for the last five years the yields are: corn, 42.4 bushels; soybeans, 
12.8 bushels; wheat, 19.6 bushels; and rye, 29.7 bushels per acre. 

Experience thus far shows rye to be better adapted to this land than wheat, 
and both alfalfa and sweet clover thrive better than soybeans. With these two 
legume crops thriving so well under this simple treatment, we have promise of 
great possibilities for the profitable culture of this land, which hitherto has 
been considered as practically worthless. 


EXPERIMENTS ON DEEP PEAT 
The Manito Field 


The results Secured on the Manito experiment field which was located on 
Deep Peat and which was in operation during the years 1902 to 1905, inclusive, 
are presented in Table 21. 

There were ten plots receiving the treatments indicated in the table. Where 
potassium was applied, the yield was from three to four times as large as where 
nothing was applied. Where approximately equal money values of kainit and 
potassium chlorid were applied, slightly greater yields were obtained with the 
potassium chlorid, which, however, supplied about one-third more potassium than 
the kainit. However, either material furnished more potassium than was required 
by the crops produeed. 

The use of 700 pounds of sodium chlorid (common salt) produced no 
appreciable increase over the best untreated plots, indicating that where potas- 
sium is itself actually deficient, salts of other elements cannot take its place. 

Applications of 2 tons per acre of ground limestone produced no increase 
in the corn crops, either when applied alone or in combination with kainit, 
either the first year or the second. 

Reducing the application of kainit from 600 to 300 pounds for each two- 
year period reduced the total yield of corn from 164.5 lo 125.9 bushels. The two 
applications of 300 pounds of kainit (Plot 9) appear to be insufficient. 


TasBLe 21—MANITO FIELD: Dernp Prat 
Annual Corn Yields—Bushels per acre 


Plot Soil treatment Corn | Corn Soil treatment Corn | Corn 


No. for 1902 1902 | 1903 for 1904 1904 | 1905 
le Wi SNOne. ooo lsc bh see oa cee) LO, Sil? GS Ala eN One seen Sm pee 170) | 1250 
2 eal INONE. cha nose oe tee aye oe LOS Ee EL Ose Limestone, 4000%ee Bo, See 12.0 | 10.1 

ne Limestone, 4000 Ibs... .... : 
Sil Kamitso00 bes areas ae aes 30.4 | 32.4 Kainit, 1200 Ibs Se 49.6 | 47.3 
Kainit, 600 lbs. ; Kainit, 1200 lbs e2eeeeeee 
4 (Asidulated bone, 350 Ibs. . 30.3 | 33.3 |\ Steamed bone, 395 Ibs..... so age ica 
5 | Potassium chlorid, 200 Ibs...| 31.2 | 33.9 | Potassium chlorid, 400 lbs. ..| 48.5 | 52.7 
6° || Sodium. chlorid, 700 Ibs:...| 12.1 }013.1 | None. 2.2... eee eee | 24.0 | 22.1 
7 | Sodium chlorid, 700 lbs..... 13.3 | 14.5 | Kainit, 1200 lbs. =. sane 44.5 | 47.3 
Seen isaintt, G00, lostees. cee eer 36.8 | 37.7 Kainit, 600 Ibs:.. 4 eke 44.0 | 46.0 
Oe iamit, SOOM bs mei see 26.4 1.25.1) Kainit, 300 lbs.) eee |,41.5 | 32.9 
10 | None.. Beye te eae 14:9°| None. 22.0.2 eee 26.0 | 13.6 


1No viel was Rhee in 1902 PEGA of a misunderstanding. 
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i The Soil Survey of Illinois was organized under the general supervision 
of Professor Cyril G. Hopkins, with Professor Jeremiah G. Mosier directly 
in charge of soil classification and mapping. After working ina ation. 
on this undertaking for eighteen years, Professor Hopkins died anc Profes- 
sor Mosier followed two years later. The work of these two men enters 80. 
intimately into the whole project of the Illinois Soil Survey that it is im-~* 
possible to disassociate their names from the individual county reports. 
Therefore recognition is hereby accorded Professors Hopkins and Mosier for — 

their contribution to the work resulting in this publication. 


STATE ADVISORY COMMITTEE ON SOIL INVESTIGATIONS | 
1925-1926 


Ralph Allen, Delavan A. N. Abbott, Morrison 
F. I. Mann, Gilman G. F. Tullogk, Rockford 
N. F, Goodwin, Palestine W. E. Riegel, Tolono . Boece ean 


RESEARCH AND TEACHING STAFF IN SOILS ==» aa 
1925-1926 


Herbert W. Mumford, Director of the Experiment Station 
W. L. Burlison, Head of Agronomy Department 


ters 


Soil Physics and Mapping Soil Experiment Fields ad Bi eer ae 
R. 8. Smith, Chief F. C. Bauer, Chief* a ay erk 
A a ; H, J. Snider, Assistant Chief* f 
O. I. Ellis, Assistant Chief John Lamb, Irs “Audocate®= a2 af 


D. C. Wimer, Assistant Chief A. Hi. Karraker, Associate st 
-E, A. Norton, Associate M. A. Hein, Associate <= «| 2 
M. B. Harland, Associate J. Badger, Associate = seg 


C. 
R..S. Stauffer, First. Assistant 5 oP Tang, aia ae = 
A, A. Endres, Assistant ms ¢ 


BW. McKittrick, Assistant ~~ te 
D. C. Maxwell, Assistant ~ I. B. Miller, Assistant SOG oi 


Soil Biology 
0. H. Sears, ‘Asiiatant Chief 


Soil Fertility and Analysis P.M. Clark, Assistant _ ae 
: , Cowart, Assistant i 
E, E. DeTurk, Chief. W. R. Paden, Assistant), 7). 44 cf 
V. E. Spencer, Associate : x Bon EE ie 
F, H. Crane, Associate ee Proteseerte: Sees ce 
>. And Fi Assistant auer, Froresso: ; A 5 oy 
: i fase ee ‘ oe ie HH. J. Snider, Assistant Professor" ea 
are ey es ; ; John Lamb, Jr., Associate* ee 
E. G, Sieveking, First Assistant ies ‘ S 
H. A. Lunt, First’ Assistant ~ Soil Survey P pigiaebces Bs 
L. Allen, Assistant a Ni ee 


; Nellie Boucher Smith, isto 
é Be l apo ; ee eo : : 


* Engaged in Soils Extension as well as in Soil eckmert Fields. 


3 x t 
Z ~ 


~—— oo 


dae ee alan 


INTRODUCTORY NOTE 


It is a matter of common observation that soils vary tremendously in their 
productive power, depending upon their physical condition, their chemical com- 
position, and their biological activities. For any comprehensive plan of soil 
improvement looking toward the permanent maintenance of our agricultural 
lands, a definite knowledge of the various existing kinds or types of soil is a 
first essential. It is the purpose of a soil survey to classify the various kinds of 
soil of a given area in such a manner as to permit definite characterization for 
deseription and for mapping. With the information that such a survey affords, 
every farmer or landowner of the surveyed area has at hand the basis for a 
rational system of improvement of his land. At the same time the Experiment 
Station is furnished an inventory of the soils of the state, upon which intelli- 
gently to base plans for those fundamental investigations so necessary for solving 
the problems of practical soil improvement. 

This county soil report is one of a series reporting the results of the soil 
survey which, when completed, will cover the state of Illinois. Each county 
report is intended to be as nearly complete in itself as it is practicable to make 
it, even at the expense of some repetition. There is presented in the form of an 
Appendix a general discussion of the important principles of soil fertility, in 
order to help the farmer and landowner to understand the significance of the 
data furnished by the soil survey.and to make intelligent application of the same 
in the maintenance and improvement of the land. In many eases it will be of 
advantage to study the Appendix in advance of the soil report proper. 

Data from experiment fields representing the more extensive types of soil, 
and furnishing valuable information regarding effective practices in soil man- 
agement, are embodied in the form of a Supplement. This Supplement should 
be referred to in connection with the descriptions of the respective soil types 
found in the body of the report. 

While the authors must assume the responsibility for the presentation of 
this report, it should be understood that the material for the report represents 
the contribution of a considerable number of the present and former members 
of the Agronomy Department working in their respective lines of soil mapping, 
soil analysis, and experiment field investigation. In this connection special 
recognition is due the late Professor J. G. Mosier, under whose direction the soil 
survey of Randolph county was conducted, and Mr. H. C. Wheeler, who, as leader 
of the field party, was in direct charge of the mapping. 
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LOCATION AND CLIMATE OF RANDOLPH COUNTY 


Randolph county is located on the Mississippi river about thirty miles 
south of East St. Louis and covers an area of 593 square miles. The topography 
varies from flat to undulating over much of the northern and eastern portions, 
to rough and hilly in a belt two to ten miles wide adjacent to the Mississippi 
river. Twenty-five percent of the area of the county is mapped as being sub- 
ject to serious erosion because of its rough topography. 

The climate of Randolph county is characterized by a wide range between 
the temperature extremes of winter and summer. The lowest temperature 
recorded at Sparta for the years 1910 to 1923 was 18° below zero in 1918, while 
the highest was 108°, also in 1918. During this period of fourteen years, there 
were nine winters in which the temperature reached zero or below, and nine 
summers which registered a temperature of 100° or above. The average date 
of the last killing frost in spring is April 10; the earliest in fall, October 24. 
The average length of the growing season is, therefore, 198 days. The shortest 
growing season recorded was 172 days in 1918; the longest was 232 days in 1922. 

The average annual precipitation at Sparta from 1910 to 1923 was 42.03 
inches, while at Chester, which is located on the Mississippi river, the average 
annual precipitation for the period 1911 to 1923 was 44.88 inches, a difference 
of 2.85 inches. The distribution of rainfall thruout the year is good, as shown 
by the following monthly averages computed from the Sparta records: January, 
3.67 inches; February, 1.93; March, 3.09; April, 4,61; May, 4.58; June, 3.47; 
July, 2.65; August, 5.37; September, 3.23; October, 4.47; November, 2.20; 
December, 3.00. 


AGRICULTURAL PRODUCTION 


Randolph county is primarily agricultural, altho coal mining is an impor- 
tant industry in the county. According to the Fourteenth Census of the United 
States, there were 2,324 farms in Randolph county in 1919.. This number rep- 
resents a decrease of 211 farms during the preceding ten years: The average 
size of farm was 189 acres, 106.5 of which were improved. Forty percent of the 
farms were operated by tenants in 1920, 34 percent in 1909, and 29 percent in 
1899. 

The following figures show the acreage and production for 1919 of the 
principal crops grown in the county: 


+R. 8. Smith, in charge of soil survey mapping; E. H. DeTurk, in charge of soil analysis; 
F. C. Bauer, in charge of experiment fields; L. H. Smith, in charge of publications. 
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Crops Acreage Production Yield per acre 

NOOR pans. debwtacky a lcts bie late ia arose ase Ne eevens 31,031 438,165 bu. 14.1 bu. 

CORES oes d's Mais afer scree svete 13,653 254,317 bu. 18.6 bu. 

WRG ic wimpeietetn ehisiviete enya. alee 95,263 1,274,026 bu. 13.3 bu. 

‘TLiniothy: J Acer th ae ees 6,582 7,857 tons 1.19 tons 
Timonthy and clover mixed...... 2,063 2,612 tons 1.26 tons 
GHOVER ...) cs isnt eile iar ates, 0s 1aS"%)s 13,190 16,120 tons 1.22 tons 
Alfa tayo fs.7 ape cistern (tie cineca 1,724 4,249 tons 2.46 tons 
Silage crops F ageetes sees st 2,174 7,968 tons 3.66 tons 
Gorn: for LOrageen cae june ara 7,469 6,280 tons .84 tons 


The total value of all crops produced in the county for 1919 was estimated 
at $5,409,708. 

It should be borne in mind that the pei figures represent the yields of 
only a single season. A report from the U. S. Department of Agriculture places 
the yields for four important crops as an average for the ten year period 1911- 
1920 as follows: corn, 21.3 bushels an acre; oats, 26.6 bushels; hay, 1.11 tons; 
wheat, 13.2 bushels. Evidently the year 1919, which furnished the Census data, 
was unfavorable for corn and oats. 

The livestock interests are of considerable importance, as shown by the 
following figures, which are also for the year 1919: 


Animals and Animal Products Nwmber Value 
PELOTSON ta? rath «01 dina) a: adiie epee oeinertans weet een prains 9,196 $ 728,543 
DE aT Gs) Preis ary rein sas Ale nn) ain Ore ee eee eee ema ere emer 2,881 345,373 
Beek Cattle’... <cie Wom a vam aaeetis eats Selle Seen 2,698 132,385 
BYAITY: CAGO FS, < 1c wares stort icine Ei pie ais 15,522 721,424 
SHEED oS ba. baw Peete etka aed wet oa els taneler a lee tecnenerene 2,924 30,276 

PAA WUTAO, <<. -ig.ccve pie tole’ ev, ot sot cuete cae OP ake ehehkercaee aaa 19,376 221,207 
Chickens ‘and other poultry... <./cs.<s +s. <'sie sale is 235,743 201,750 
Chickens’ and ‘eéges' ‘soldy. 3... stove tee eae ein) Pree 1,002,757 
Dairy: ProOGicts \BOld 6... Ss <s/aind.c bis shy Obani ae eee 452,694 


The total value of livestock and livestock products was $3,836,000. It should 
be noted that over $1,000,000 was received in 1919 from the sale of chickens 
and eggs. ; 

Fruit growing is of some importance in Randolph county, and it might be 
further extended to good advantage. The Census reports that 14,000 quarts of 
small fruits, 45,000 bushels of apples, and 57,000 pounds of grapes were pro- 
duced in 1919. 


SOIL FORMATION 


GEOLOGICAL HISTORY 

Much of the material which forms the soils of Randolph county was de- 
posited during the Glacial period. During this period conditions were such 
that ice accumulated in great masses in the region of Labrador, west of Hudson 
Bay, and in the Rocky Mountains. The ice masses pushed outward from their 
centers, especially southward, until a point was reached where the ice melted. 
as rapidly as it advaneed. There were at least six of these great advances, each 
one followed by a long interval of time. 

In advancing from the distant northern centers of accumulation, the ice 
gathered up and transported all sorts and sizes of rock material. The character 
of this transported material varied with the character of the rocks’ over which 
the ice sheet advanced. During the advance a large amount of fine material, 
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known as rock flour, was produced by the grinding action of the moving ice. 
This fine material was transported southward by the glacial streams and later 
blown over the land by the wind. It now constitutes the major part of the 
mineral portion of the soil. 

Only one of the great glacial advances, the Illinoisan, covered the area 
which now constitutes Randolph county, but later glaciers which did not ad- 
vanee so far south were of perhaps equal importance in that they contributed 
a large amount of rock flour, which, when distributed over the land, is known 
as loess. This material occurs as a blanket covering the glacial drift over prac- 
tically the entire upland area of Randolph county. 

The thickness of the drift varies from about 5 feet in the vicinity of Red Bud 
to 80 feet or more in other portions of the county. The loess blanket also varies 
in thickness. In the northwest corner of the county it is so shallow as to affect the 
productivity of the soil unfavorably, while in a belt adjacent to the Mississippi 
river it extends far below the depth to which the roots of crop plants penetrate. 

The Mississippi river has been an important factor in the development of 
the soils in the bottom land adjacent to it, and it is still an important factor in 
determining their management. A considerable portion of this bottom is sub- 
ject to annual overflow and other portions are in danger of flooding during 
periods of very high water. 
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PHYSIOGRAPHY AND DRAINAGE 


The topography of Randolph county is very diversified. The central and 
northern portions of the county are flat to undulating, with narrow eroded 
slopes adjacent to the streams. A broken, hilly belt varying in width from 
two to ten miles extends in a northwest-southeast direction adjoining the Missis- 
sippi bottom. The southeastern portion of this belt is particularly hilly and 
broken. 

The drainage of the county is almost entirely thru Mary’s ereek and Kas- 
kaskia river and their tributaries, directly into the Mississippi river. The divide 
between these two drainage systems runs thru Coulterville, Sparta, Palestine, 
and thence to Fort Gage. The reader is referred to the accompanying drainage 
map, which shows the drainage systems of the county. 

The following altitudes of a few places will give some idea of the general 
elevation of Randolph county: Coulterville, 542 feet; Baldwin, 465; Red Bud, 
450; Evansville, 423; Sparta, 545; Chester, 384; Menard, 385; Prairie du 
Rocher, 397. 


SOIL GROUPS 
The soils of Randolph county are classified under the following groups: 
(a) Upland Prairie Soils, including the upland soils that have not been 
covered with forests, at least not for any great length of time. 
(b) Upland Timber Soils, including nearly all the upland areas that are 
now, or were formerly, covered with forests. 


(ec) Terrace Soils, including second bottom lands, formed by deposits from 
overloaded streams; and gravel or sand outwash plains formed by broad sheets 
of water arising from the melting of the glaciers. 


(d,e) Swamp and Bottom-Land Soils, including the overflow lands or 
flood plains along streams, the swamps, and the poorly drained lowlands. 

(f) Residual Soils, including rock outerop areas, and soils formed in 
place thru weathering of rocks. 

Table 1 gives a list of the soil types found in Randolph county, classified 
according to the groups described above. It also shows the area of each type 
in square miles and in acres, and its percentage of the total area of the county. 
The accompanying map, shown in three sections, gives the location and 
boundary of each soil type found in the county. 

For explanations concerning the classification of soils and the interpretation 
of the map and tables, the reader is referred to the Appendix to this report. 
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TasiE 1.—Sort Typrs or RANDOLPH County, ILLINOIS 
Soil Area in Area Percent 
type Name of type square in of total 
No. miles acres area 
(a) Upland Prairie Soils (300) 
330 |Gray Silt Loam On Tight Clay.............. 28.33 18 131 4.78 
328 |Brown-Gray Silt Loam On Tight Clay........ 12.78 8 179 2.15 
41.11 26 310 6.93 
(b) Upland Timber Soils (200, 300, 800) 
Shallow Loess 
Sot IY OuOWsOTAY ILL LOAM.........0...0.ce0ee 168.02 107 533 28.33 
apie) |UD SOs) oe lr 50.90 32 576 8.41 
332 |Light Gray Silt Loam On Tight Clay........ 3.54 2 266 .60 
. 864 |Yellow-Gray Sandy Loam.................. 1.10 704 19 
BS oN ey Shove gies 0) .64 410 Lid 
Deep Loess 
834 |Yellow-Gray Silt Loam........ Perit, oes 8 ac8h% 42.68 27 315 7.18 
SOM GOAIN: obec cece ee wa cs cece 61.01 39 046 10.29 
844 |Yellow-Gray Fine Sandy Silt Loam.......... 16.60 10 624 2.80 
845 |Yellow Fine Sandy Silt Loam............... 28.59 18 298 4,82 
Ridge Soils 
2d) \eellow-Graw eit Loam..........5.0.c0e eee. 9.08 5 811 1.54 
DEIS ASCO OC UO 6.04 3 866 1.02 
388 . 20 238 449 65.29 
(ec) Terrace Soils (1500) 
1544 |Yellow-Gray Fine Sandy Silt Loam.......... 75 480 13 
1564 |Yellow-Gray Sandy Loam.................. 1.95 1 248 30 
1560.6)Light Brown Sandy Loam.................. .46 294 .08 
1564.1|/Yellow-Gray Sandy Loam On Clay.......... .86 550 14 
1534.1/Yellow-Gray Silt Loam On Clay............ 2.07 19325 pop 
1532 |Light Gray Silt Loam On Tight Clay........ 4.14 2 650 .70 
HIS Gs 05 (CIS, so 1.15 736 .19 
Ld RI ROM: os 6 sialon cicis Gecoscsie esis owes one Sf, 480 13 
12.13 7 763 2.05 
(d,e) Swamp and Bottom-Land Soils (1300, 1400) As 
Ss tewDepmiGrayienh LOAM... 5... ce ee ee 24.44 15 642 4.29 
DS ZO Pa BUORMOM SIO MOOAIN. cice.cs sae ois weave vi ceee oes 3u2o 2 080 SOD 
gree }|Mixed I 50.67 32 428 8.55 
1379 |Yellow-Brown Fine Sandy Loam............ 5.19 3 322 87 
1363 |Mixed Sandy Loam......... Mer evaheut at suet d ears 44 281 .07 
le re 19.93 12 755 3.36 
1426.1|Brown Silt Loam On Clay.................. 10.12 6 477 1.70 
1428.1|Brown Silt Loam On Tight Clay............. 1.33 851 22 
1426.2/Brown Silt Loam On Sand.................. 5.92 3 789 1.00 
TREO) | Shuai ev noke oCc bial Ores h 0 a 8.56 5 478 1.44 
147 enibrown bimeisandy Loam, .. 0... cece cee ees 1.94 1 242 sae) 
1422.1|Brown-Gray Clay Loam On Tight Clay...... 1.55 992 26 
133.34 85 337 22.64 
(f) Residual Soils (000) 
OOSMaStomysivoainee Sc. lc ee eck ech eee ween ee .42 269 .07 
099 |Rock Outcrop, Limestone................... 82 525 sles 
099 |Rock Outcrop, Sandstone.......5........05: 1.08 691 18 
2.32 1 485 .39 
bec a. | Ce 16.01 10 246 2.70 
NOUN oa. eee ee eS nb ox roasts 593.11 379 590 100.00 
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INVOICE OF THE ELEMENTS OF PLANT FOOD 
IN RANDOLPH COUNTY SOILS 


In order to obtain a knowledge of its chemical composition, each soil type 
is sampled and subjected to chemical analysis for its important plant-food ele- 
ments. For this purpose samples are taken usually in sets of three to represent 
different strata in the top 40 inches of soil; namely, an upper stratum (0 to 624 
inches), a middle stratum (624 to 20 inches), and a lower stratum (20 to 40 
inches). In the common kinds of soil the upper sampling stratum corresponds 
approximately to 2 million pounds of dry soil per acre, the middle sampling 
stratum to approximately twice this quantity, and the lower stratum to three 
times as much. 

This, of course, is a purely arbitrary division of the soil section, which is 
very useful in arriving at a knowledge of the quantity and distribution of the 
elements of plant food in the soil; but it should be borne in mind that these 
strata seldom coincide with the natural strata as they actually exist in the soil 
and which are referred to as surface, subsurface, and subsoil in the deseriptions 
of the soil types. By this system of sampling we have represented separately 
three zones for plant feeding. The upper, or surface layer, includes at least as 
much soil as is ordinarily turned with the plow, and this is the part with which 
the farm manure, limestone, and other fertilizing materials are incorporated. 

The chemical analysis of a soil, obtained by the methods here employed, 
gives the invoice of the total stock of the several plant-food elements actually 
present in the soil strata sampled and analyzed. It should be understood, how- 
ever, that the rate at which these elements are liberated from their insoluble 
forms—a matter of at least equal importanece—is governed by many factors and 
is not necessarily proportional to the total amounts of the elements present in 
the soil. 

For convenience in making application of the chemical analyses, the results 
as presented here have been translated from the percentage basis and are given 
in the accompanying tables in terms of pounds per acre. The assumption is 
made that for ordinary types of soil the three different strata weigh 2 million, 
4 million, and 6 million pounds per acre, as already explained. While these 
values are only an approximation, it is believed that they will suffice for the 
purpose intended. It is a simple matter to convert these figures back to the 
percentage basis in case one desires to consider the information in that form. 

Because of the extreme Variations frequently found within a given soil type, 
no attempt is made to include in the tabulated results figures purporting to 
represent the amount of limestone or the degree of acidity. In examining each 
soil type in the field, however, numerous qualitative tests are made which fur- 
nish general information regarding the soil reaction; and in the discussion of 
the soil types which follow, recommendations based upon these tests are given 
concerning the lime requirement of the respective types. Such recommenda- 
tions cannot be made specific in all cases because local variations exist, and be- 
cause the lime requirement may change from time to time, especially under 
cropping and soil treatment. Therefore, in considering a particular field it often 
is desirable to determine its lime requirement, and in this connection the reader 
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is referred to the section in the Appendix dealing with the application of lime- 
stone (page 34). 


i THE UPPER SAMPLING STRATUM 

In Table 2 are reported the amounts of organic carbon (which serves as 
a measure of the total organic matter), and the total quantities of nitrogen, 
phosphorus, sulfur, potassium, magnesium, and calcium in 2 million pounds of 
the surface soil of each type in Randolph county. 

In connection with this table attention is called to the variation among the 
soil types with respect to their content of the different plant-food elements. It 
will be seen from the analyses that the variation in the organic-carbon content 
of the different soils is accompanied by a parallel variation in the nitrogen con- 
tent ; the organie-carbon content is usually from 10 to 12 times that of the total 
nitrogen. This close relationship is explained by the well-established facts that 
all organic matter of the soil contains nitrogen, and also that most of the soil 
nitrogen (usually 98 percent or more) is present in a state of organic combi- 
nation. This close relationship is also maintained in the middle and lower 
sampling strata. 

The organic matter and the accompanying nitrogen show considerable varia- 
tion among the different soil types, tho they are comparatively low thruout the 
county. Of the thirty-one types of soil for which analyses are reported in this 
county, only five types contain more than 40,000 pounds of organie carbon in 
the surface stratum of an acre. These are Drab Clay (Terrace), Stony Loam 
(Residual), and three types in the swamp and bottom-land area, namely, Brown 
Silt Loam On Clay, Drab Clay, and Brown-Gray Clay Loam On Tight Clay. 
These types together occupy but 32.77 square miles or only 5.52 percent of 
the area of the county. The soils in the remainder of the county range in organic- 
carbon content from a minimum of 13,700 pounds an aere in Light Brown Sandy 
Loam, up to 38,240 pounds in the Brown Silt Loam, Bottom. The total nitrogen 
values are correspondingly low, being in these two types, 1,360 and 3,460 pounds, 
respectively. Because of the widespread deficiency of both nitrogen and organic 
matter in these soils, it is particularly important to grow legume erops fre- 
quently as green manures and plow them down, in addition to conserving and 
using all the animal manure which ean be produced. 

Other elements are not so closely associated with each other as are organic 
matter and nitrogen, tho there is some degree of correlation between sulfur, 
another element used by growing plants, and organic carbon. This is because 
a considerable tho varying proportion of the sulfur in the soil exists in the 
organic form, that is, as a constituent of the organic matter. The sulfur content 
of Randolph county soils is fairly low; it ranges in the surface soil from 420 
pounds to 1,000 pounds an acre. This is partly accounted for by the low organic- 
matter content. Another factor is the atmospheric supply; sulfur dioxid escapes 
into the air in the gaseous products from the burning of all kinds of fuel, par- 
ticularly coal. The gaseous oxid of sulfur is soluble in water and consequently is 
dissolved out of the air by rain and brought to the earth. In regions of large coal 
consumption, the amount of sulfur thus added to the soil is relatively large. 
At Urbana, during the eight-year period from 1917 to 1924, there was added 
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to the soil by the rainfall 3.5 pounds of sulfur an acre a month as an average. 
Similar observations have been made in localities in southwestern Illinois for 
shorter periods. At Sparta, Randolph county, in 1921, there was added in the 
rainfall 3.51 pounds of sulfur an acre in May, 7.78 pounds in August, and 9.96 
pounds in September. At Ewing, Franklin county, during the entire season 
of 1921 the average monthly precipitation contained 2.27 pounds of sulfur an 
acre. These figures will afford some idea of the amount of sulfur added by rain 
and also of the wide variation in these amounts under different conditions. On 
the whole these facts would indicate that the sulfur added from the atmosphere 
sufficiently supplements that contained in the soil so that a need for sulfur fertil- 
izers is not at all likely in Randolph county. 

The potassium: content of the soil ranges from 21,660 pounds an acre in 
Light Gray Silt Loam On Tight Clay to 40,220 pounds in Brown Silt Loam On 
Sand. From a quantitative point of view the least of these amounts is far above 
maximum crop requirements. However, the rate at which potassium is liberated 
in available condition from these large reserves varies widely, and the recom- 
mendations concerning potassium fertilizers in another part of this report are 
an indication that crop yields are limited on some soils by a deficiency of avail- 
able potassium. 

The phosphorus content of the upland and terrace soils of the county is 
low, while the bottom-land soils average nearly twice as much of this element. 
The smallest amount is found in Light Gray Silt Loam On Tight Clay, where 
it is but 440 pounds an acre. The largest amount, 2,300 pounds, an aere, is in 
Brown Silt Loam On Clay, Bottom. 

The amounts of soil calcium are, on the whole, rather low but no lower 
than is to be expected in soils which are acid. Soil acidity and calcium deficien- 
cies are very frequently, but not always, associated. The smallest amount of 
calcium, 4,460 pounds an acre, is contained in Light Gray Silt Loam On Tight 
Clay. The largest amount in non-carbonate soils is 18,600 pounds in Brown Silt 
Loam On Clay, Bottom. Two soils containing calcium carbonate in the surface 
stratum—Brown Sandy Loam, Bottom, and Residual Stony Loam—contain 
21,770 pounds and 51,180 pounds of calcium an acre respectively. Calcium is 
utilized by erops in fairly large amounts, so that in soils low in ealeium content 
this element may not become available rapidly enough to supply erop needs. 
The liming of such soils, however, supplies any calcium deficiencies in addition 
to correcting acidity. 

The soil content of magnesium in Be Riek county averages about two- 
thirds as high as that of calcium, altho there are a few exceptional cases where 
it exceeds the calcium. The smallest amount found is 2,860 pounds an acre. 

Considering the crop requirements for magnesium, it is doubtful whether 
magnesium ever becomes a limiting factor in crop production. This statement, 
however, does not imply a superiority of high calcium limestone over dolomitie 
or magnesian limestone. The usual commercial grades of high calcium and mag- 
nesian limestones are approximately equal in neutralizing value, and both types 
of stone also contain an abundance of calcium to make good any soil deficiencies 
in this element. 2 
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THE MIDDLE AND LOWER SAMPLING STRATA 

In Tables 3 and 4 are recorded the amounts of the plant-food elements in 
the middle and lower sampling strata. In comparing these strata with the upper 
stratum or with each other, it is necessary to bear in mind that the data as given 
for the middle and lower sampling strata are on the basis of 4 million and 6 
million pounds of soil, and should therefore be divided by two and three, respec- 
tively, before comparing them with each other or with the data for the upper 
stratum, which is on a basis of 2 million pounds. 

With this in mind it will be noted, in comparing the three strata with each 
other, that all the soil types diminish rather rapidly in organic matter and nit- 
rogen with increasing depth, and that this diminution is very marked even in 
the middle stratum. Ordinarily the percentages of the other elements except 
sulfur remain about the same or increase slightly in the lower strata; sulfur 
in nearly all cases decreases with increasing depth. There is a tendency for 
phosphorus to be low in the middle stratum; this is probably due to the removal 
of phosphorus by the roots of growing plants and its later incorporation with 
the surface soil in the accumulated plant residues. 

It is frequently of interest to know the total supply of a plant-food element 
accessible to the growing crops. While it is impossible to obtain this informa- 
tion exactly, especially for the deeper-rooted crops, it seems probable that prac- 
tically all the feeding range of the roots of most of our common field crops is 
included in the upper 40 inches of soil. By adding together, for a given soil 
type, the corresponding figures in Tables 2, 3, and 4, the total amounts of the 
respective plant-food elements to a depth of 40 inches, may be ascertained. 

Considered in this manner the tables reveal a rather wide variation in the 
abundance of the various elements in the different soil types, when measured 
by crop requirements. We may compare in this way two extreme soil types in 
the county—Drab Clay, Bottom, and Yellow-Gray Silt Loam, Upland. These 
are among the most extensive soil types in the county. They contain in the 
first 40 inches 15,370 and 5,610 pounds of nitrogen an acre, which is equivalent 
to the amount present in the same number of bushels of corn since a bushel of 
corn contains approximately'a pound of nitrogen. Drab Clay thus contains 
nearly three times as much of this element as Yellow-Gray Silt Loam. Drab 
Clay also contains considerably more phosphorus and potassium than Yellow- 
Gray Silt LLoam—8,720 pounds of phosphorus (equivalent to 51,400 bushels of 
corn), as compared with 5,070 pounds (equivalent to 29,900 bushels of corn). 
The total amounts of potassium in the two soil types are 237,900 and 180,610 
pounds respectively (approximately equivalent to 1,252,000 and 950,000 bushels 
of corn). 

These two soil types vary widely in calcium content, Drab Clay containing 
95,080 pounds in the first 40 inches and Yellow-Gray Silt Loam, only 35,350 
pounds. The amount of calcium in the soil is not of so great importance directly 
in connection with the corn crop as it is with respect to legumes. A ton of red 
clover hay, for example, contains approximately 29 pounds of calcium, and 
these two soils therefore contain respectively as much calcium as would be re- 
moved in 3,270 and 1,120 tons of red clover hay. 
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TABLE 2.—PLANtT-Foop ELEMENTS IN THE Sorts oF RANDOLPH County, ILLINOIS 
Upper SAMPLING StratTuM: AxBout 0 To 6% INcHES 


Average pounds per acre in 2 million pounds of soil 
Total | Total | Total Total 


Total 


Soil 
Saal ess Total Total 
type Soil type organic} nitro- | phos- potas- |magne- . 
No. carbon | gen |phorus sulfur sium | sium calcium 
(a) Upland Prairie Soils (300) j 

330 |Gray Silt Loam On Tight Clay. .| 23 010] 2 130| 570] 730] 24 020) 4 090] 5 490 
328 |Brown-Gray Silt Loam On Tight 

OLENA Seer ee een Ee es: 32 980} 2 680} 720] 540) 26 340) 4 480] 79 200 


(b) Upland Timber Soils (200, 300, 800) 


Shallow Loess 


334 |Yellow-Gray Silt Loam......... 23 880} 1 760} 670) 580) 27 270} 4 600) 5 610 
Spo. | Vellow SultLoeim® . once eee 23 820) 1 760) 760) 420) 32 460) 8 860} 9 080 
332 |Light Gray Silt Loam On Tight 
Nbety Din ct taine vaitepieine ane mes 16 040} 940) 440) 420) 26 240) 2 880) 4 460 
364 |Yellow-Gray Sandy Loam...... 22 180) 2 080} 820; 540) 33 900) 4 320) 8 420 
365 |Yellow Sandy Loam........... 22 180) 2 080; 820) 540) 33 900) 4 320) 8 420 
Deep Loess 
834 |Yellow-Gray Silt Loam......... 16 970} 1 750) 750) 490} 34 460} 4 400) 6 450 
Sop: \ cllow. Sit S508) 2 5.4.. sie <akies 16 510) 1 300) 870) 460] 35 750) 8 370} 6 780 
844 |Yellow-Gray FineSandySilt Loam] 16 960} 1 640) 700} 470) 36 710] 4 2 6 940 
845 |Yellow Fine Sandy Silt Loam...| 15 910} 1 710} 1 570) 470) 36 450} 10 430) 10 160 
Ridge Soils 
234 |Yellow-Gray Silt Loam......... 14 900} 1 700) 780) 400) 35 180) 4 880) 6 340 
235. -|Yellow Silt Loam. ..5.5..) 5.00% 15 520| 1 340} 760) 440) 39 940} 7 560} 5 380 


Terrace Soils (1500) 
1544 |Yellow-Gray FineSandy Silt Loam] 18 200] 1 920] 800] 480] 36 960] 3 940] 6 100 


1564 |Yellow-Gray Sandy Loam...... 21 480] 1 920} 740) 520) 33 100} 2 980} 8 160 
1560.6|Light Brown Sandy Loam...... 13 700] 1.360} 620} 520} 28 980) 2 860} 7 820 
1564.1|Yellow-Gray Sandy Loam On 


iDlay mantic BR dn arace ine monn 20 540] 1 820} 680} 720) 28 980} 3 640) 8 740 
1534.1/Yellow-Gray Silt Loam On Clay | 27 100} 2 440) 1 280} 560) 32 820) 4 880; 7 140 
1532 |Light Gray Silt Loam On Tight 


Cave te tin ae storia circa ie 22 400} 1 920 760 500] 21 660} 5 910) 5 680 
MUM CLAY MOLLY © Nise oo care emcee ote 27 020} 2 380 560 420} 30 000] 14 540} 8 640 
LBD SAP IPATAGLA Ye. 3.6 oak os, 5 «eae eee 46 580} 4 100) 1 120 740| 31 720] 10 980! 10 100 

Swamp and Bottom-Land Soils (1300; 1400) 

1331 |Deep Gray Silt Loam.......... 24 090} 2 470 780 570| 32 140] 5 82 7 830 
ig26e | Drown peilt 0am. <)\.-.s.se ee 38 240) 3 460) 1 660} 740) 37 900} 10 900) 10 380 
ee, Mixed Loam!,.............,0refeeseeee[essene[ee+-nc] e+ n-+ feign 
1379 |Yellow-Brown Fine Sandy Loam] 15 560} 1 360} 860) 540) 34 720] 4 720] 10 560 
1363: |Mixed Sandy Loam! ... 2.660. cele cscs u|iecwe.c oer creel oo we. ole eet ten it 
Bee tah Clays... sso kv oeee 50 490| 4 360| 1 780] 850| 39 530] 16 820] 16 070 
1426.1|/Brown Silt Loam On Clay...... 59 320] 4 500) 2 300 880) 36 760} 11 480) 18 600 
1428.1|Brown Silt Loam On Tight Clay e 180| 3 040} 1 040 660} 37 42 8.500} 9 680 
1426.2|Brown Silt Loam On Sand...... 2 820} 3 040) 1 520 780) 40 220} 13 080) 18 280 
1460. |Brown Sandy Loam............ i7 920) 1 630} 1 190} 720) 33 320) 9 390} 21 770 
1471 |Brown Fine Sandy Loam....... 25 620) 2 420) 1 080 680} 39 1 6 620} 11 820 
1422.1)Brown-Gray Clay Loam On 

Michit:Glayia aca selec. nee 49 460} 3 900] 1 340} 700| 33 320| 10 360} 12 000 

Residual Soils (000) 

DOSi/F Stony wan. Brass. saosin oe 34 800] 2 720 


099 |Rock Outcrop, Limestone, Sand- 
stones kee cman aes a oe 


LIMESTONE AND SOIL ACIDITY.—In connection with these tabulated data it should 
be explained that the figures for limestone content and soil acidity are omitted not because of any 
lack of importance of these factors, but rather because of the peculiar difficulty of presenting in 
the form of general numerical averages reliable information concerning the limestone requirement’ 
for a given soil type. A general statement, however, will be found concerning the lime require- 
ment of the respective soil types in connection with the discussioris which follow. 

1On account of the heterogeneous character of Mixed Loams, chemical analyses are not in- 
cluded for these types. 
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TABLE 3.—PLANT-Foop ELEMENTS IN THE SoIts or RANDOLPH County, ILLINOIS 
Mippie Samp.ine Stratum: Asout 624 To 20 INcHES 


Average pounds per acre in 4 million pounds of soil 


Soil 204 Total | Total oo tT Total | Total Total 
type oil type organic} nitro- | phos- potas- |magne- . 
No. carbon | gen |phorus sulfur sium | sium calcium 
Upland Prairie Soils (300) 
330 |Gray Silt Loam On Tight Clay. .| 34 150] 2 670] 1 240] 1 030] 49 910] 15 680! 10 290 
328 |Brown-Gray Silt Loam On Tight 
Ue ee 44 920} 3 120) 1 480 760} 59 360} 15 280} 16 200 

Upland Timber Soils (200, 300, 800) . 

Shallow Loess 
334 |Yellow-Gray Silt Loam......... 20 090] 1 950} 1 340) 740) 59 030| 16 850) 9 620 
335. -|Mellow Silt Loam.............. 22 240} 2 200) 1 480 600; 69 160; 23 920) 20 080 
332 oe id Gray Silt Loam On Tight 

ok Eee eae 6 200} 1 040 720 600) 54 240} 10 520) 9 160 
364 |Yellow-Gray Sandy Loam...... 21 760} 2 280} 1 480} 720} 73 520) 11 480) 15 360 
365 |Yellow Sandy Loam.. ++ee-| 21 760} 2 280! 1 480 720| 73 520) 11 480) 15 360 

Deep Loess 
834 Yellow. Pay piltiLoam......... 19 610} 2 370) 1 820 770) 75 940) 14 890) 12 490 
Sasa eenomicubs L0am.........5.... 17 990) 1 370} 2 010 770| 69 410) 21 480) 15 540 


844 |Yellow-Gray Fine Sandy Silt 
oo el eee 19 860) 2 260) 2 200 740] 78 700) 16 260) 15 140 
845. Yellow | Fine Sandy Silt Loam. ..| 15 040) 2 2 


040 780 640| 74 220) 21 800) 23 140 

Ridge Soils 
234 |Yellow-Gray Silt Loam......... 19 990} 2 400} 1 720 520) 74 280) 18 480} 12 320 
1 920 800] 74 880} 20 560} 10 760 


Zsbu ie ellow mit Loam. .2........... 20 480| 1 760 
Terrace Soils (1500) 


1544 Sepia Fine Sandy Silt 
SIME Heroes «pie ve o's 20 360} 2 220) 1 720 680} 78 320} 13 560} 12 960 
1564 Wallow-Ciray Sandy Loam....... 15 320] 1 440) 1 040} 600) 66 840) 7 770) 15 680 
1560.6|Light Brown Sandy Loam...... 15 000} 1 600} 1 080) 920) 61 960) 7 120) 16 000 
1564.1/Yellow-Gray Sandy Loam On 
(ONES Ee ee Og 18 520} 2 000 880} 1 080; 61 960; 12 120) 16 640 
1534.1 Soe ee Silt Loam On Clay | 18 480) 2 120) 1 960) 880) 69 440) 12 320) 12 560 
1532 eee aie Silt Loam On Tight 
PREY Tae oF aaah ane!» ahevels #10 60 21 840} 2 400} 1 040 840) 47 400} 14 800) 14 760 
1516 Gras Pcks Ag bd ORR DECIDE 25 880} 3 280 880 800} 58 160) 47 560) 43 000 
1515 Drab Clay BPE ce tial oS Se Sc vatia'als 58 400] 5 160} 1 600 960| 63 600} 23 320) 18 160 
; Swamp and Bottom-Land Soils (1300, 1400) 
1331 |Deep Gray Silt Loam.......... 31 260] 3 680} 1 380 920] 64 400] 9 880) 14 480 
1326 |Brown Silt Loam.........!..... 52 200) 5 000) 2 640} 1 080) 74 440} 19 960} 21 280 
1a \ Mixed eee to ociccdlss ctacs[eseesedencacds 


1379 |Yellow-Brown Fine Sandy Loam| 32 360] 2 880} 1 920 880} 65 880} 10 760) 22 880 
tht RENN ERE LUO eo scl calle sitsdca\icd ke cls |s ccc ac|onrcecfiws oe as|evavceelecctoes 


rae \!Drab Se ee 55 950| 5 770] 2 960 1 030] 78 190| 36 520| 30 550 
1426. 1|Brown Silt Loam On Clay...... 96 360] 7 160| 3 200] 1 520| 75 760| 24 800| 36 200 
1428. 1|Brown Silt Loam On Tight Clay | 40 280] 4 160| 1 440| 920] 73 280| 23 080] 20 360 
1426.2|Brown Silt Loam On Sand...... 43 560| 4 680| 2 640| 1 440] 78 400] 25 920| 36 960 
1460 |Brown Sandy Loam............ 22 140| 1 860] 2 180 1 280| 65 540| 22 120] 54 720 
1471 |Brown Fine Sandy Loam....... 47 360] 3 920| 2 160] 1 080| 79 680| 18 720] 25 320 
1422.1|/Brown-Gray Clay Loam On 

ert Glavin 2...1..2..2..: 58 440| 4 520| 1 760] 1 200| 68 440| 30 240] 23 320 


Residual Soils (000) 
OOS SCOR We ROAD?) «hos. ciclo c es es : 


eee eres 


LOLS nt eR ne Rey one eae Ana 
LIMESTONE AND SOIL ACIDITY.—See note in Table 2 


10n account of the heterogeneous character of Mixed Loams, chemical analyses are not in- 
cluded for these types. 
2No samples could be taken of this type because of the stony condition. 
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TaBLE 4.—PLANT-Foop ELEMENTS IN THE Sorts oF RanpDoLPx County, IniiNors 
Lower Samptine Stratum: Asout 20 to 40 IncHEs 


Average pounds per acre in 6 million pounds of soil 


Soil : Total | Total oo Total Total | Total- otal 
t Soil type organic} nitro- | phos- potas- |magne - 
ay earbon| gen |phorus sulfur sium | sium ae 
Upland Prairie Soils (300) 
330 |Gray Silt Loam On Tight Clay. .| 29 300) 2 860) 2 960) 1 180) 88 27 460 
328 |Brown-Gray Silt Loam On Tight 
Se ne Oe Tee eee 30 600} 1 920} 3 660 93 4 34 320 
Upland Timber Soils (200, 300, 800) 
Shallow Loess ‘ 
334 |Yellow-Gray Silt Loam......... 21 050) 1 900) 3 060; 920) 94 310) 37 410) 20 120 
335 [Yellow Silt Loahh.............. 20 460) 2 640) 1 980) 1 020101 34 33 600 
332 |Light Gray Silt Loam On Tight 
OT ee ee one 27 120) 2 040) 2 940) 1 140) 89 35 19 680 
364 |Yellow-Gray Sandy Loam...... 247 2 280) 3 840; 960/110 35 22 500 
365 |Yellow Sandy Loam........... 24 780) 2 280) 3 840} 960/110 35 22 500 
Deep Loess 
834 [Yellow-Gray Silt Loam......... 21 2 940) 3 680) 1 020)108 150) 33 18 750 
835 [Yellow Silt Loam.............. 20 540) 2 070) 2 840) 1 010)111 870) 32 30 260 
844 |Yellow-Gray Fine Sandy Silt 
[Be ey ee oe 22 200) 2 610) 4 050) 1 140/112 33 24 330 
845 |Yellow Fine Sandy Silt Loam...| 18 490) 2 010) 3 540) 720/114 810) 34 47 400 
Ridge Soils 4 
234 |Yellow-Gray Silt Loam......... 26 280) 3 360) 3 060} 840)104 36 19 860 
235 [Yellow Silt Loam.............. 19 3 1 920} 2 04 900,102 1 27 19 200 
Terrace Soils.(1500) 
1544 craig cp Fine Sandy Silt 
Ret Eh aek aoe eee 19 140) 2 420) 3 780) 900/124 33 L 19 680 
1564 Willow Cay Sandy Loam...... 16 200} 1 2 940 98 21 180) 26 280 
1560.6|Light Brown Sandy Loam...... 19 2 160) 2 100) 1 89 16 25 800 
1564.1! Yellow-Gray Sandy Loam On 
Site. eee ees a eos 22 2 940} 2 160) 1 200} 97 36 26 580 
1534. iYelloy-Gray Silt Loam On Clay | 16 620) 2 880) 3 360} 780) 95 40 17 340 
1532 |Light Gray Silt Loam On — 
lay, 255.232 eee 31 3 360} 1 920 43 27 420 
meee toasty Claes 5.) nsee. cee ok 25 980) 3 2 1 980) 95 100/100 179 700 
WES Eh & 2S Bee eee ee ne ee 36 7 1 500 95 47 27 780 
Swamp and Bottom-Land Soils (1300, 
1331 |Deep Gray Silt Loam.......... 24 900) 3 720 14 340) 17 490 
1326 |Brown Silt Loam.............. 70 980 31 380) 33 000 
1379 |Yellow-Brown Fine Sandy Loam} 50 160 18 660) 32 880 
1363 Mixed Sandy Loam!...........}. 022 -<fe coco oe oe eee coco oho « Se 
Pan Drab Clay? .2 cts. ihe 47 0} 48 460 
1426. 1|/Brown Silt Loam On Clay...... 89 5 44 640 


3 BENS & 


1460 Brown Sandy Loam............ 24 150 93 150 
1471 |Brown Fine Sandy Loam....... 39 540 36 420 
1422.1|Brown-Gray Clay Loam On 
ighb Giay sete 5. See cect 64 200 37 080 
Residual Soils (000) 
098 [Stony Loam*..................[...-.0s)-...--|-.--~<|5....-]5. rr 
099 |Rock Outcrop, Limestone, Sand- : 
ee eer Me aed eens Mae see 


LIMESTONE AND SOIL ACIDITY.—See note in Table 2. 4 


1On account of the heterogeneous character of Mixed Loams, chemical analyses are not in- 
cluded for these types. *The stony condition of the subsoil precluded the taking of a 5 
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It is not intended to imply by the above statements that it is possible to 
predict how long it might be before a certain soil would become exhausted under 
a given system of cropping. Neither do the figures necessarily indicate the im- 
mediate procedure to be followed in the improvement of a soil, for factors other 
than the amount of plant-food elements present in the soil enter into considera- 
tion. Much depends upon the nature of the crops to be grown as to their ability 
to utilize plant-food materials, and much depends upon the condition of the 
plant-food substances themselves as to their availability. Finally, in planning 
the detailed procedure for the improvement of a soil, there enter for considera- 
tion all the economic factors involved in any fertilizer treatment. Such figures 
do, however, furnish an inventory of the total stocks of the plant-food elements 
that ean possibly be drawn upon, and in this way contribute information that 
is fundamental if we are to plan intelligently, and in a broad way, systems of 
soil management that will conserve and improve the fertility of the land. 


DESCRIPTION OF SOIL TYPES 
(a) UPLAND PRAIRIE SOILS 


The upland prairie soils of Randolph county cover only 41.11 square miles, 
or a little less than 7 percent of the area of the county. The two soils included 
in this group have a ‘‘tight clay’’ subsoil which interferes seriously with under- 
drainage. Both types oceupy flat areas. 


Gray Silt Loam On Tight Clay (330) 


Gray Silt Loam On Tight Clay covers somewhat over two-thirds of the 
prairie area of the county. The type is very uniform except that the areas 
which are near the broken, hilly belt adjacent to Mississippi river contain more 
fine sand than those areas that lie north and northeast of Sparta. 

The surface soil varies from 7 to 8 inches in depth and is a gray or light 
brownish gray silt loam. The subsurface, which is a gray silt loam or a gray 
fine sandy silt loam, extends to a depth of 15 to 18 inches. The subsoil is made up 
of two strata, the upper, a strongly mottled yellow or dark reddish brown plastic 
clay, the lower, a friable, strongly mottled yellow silt loam. 

Management.—The acidity of this type, according to the tests made, varies 
from slight to strong in the surface and subsurface. The subsoil ordinarily 
shows no acidity, altho carbonates are uot present. The great variation in the 
lime requirement of this type makes it advisable to test each field which is to 
be limed, as directed in the Appendix, page 34, or better, with the assistance 
of the county farm adviser or of the Experiment Station. The chief difficulty in 
the management of this type is poor drainage. The impervious subsoil makes 
it necessary to depend on surface drainage, and this method of removing surplus 
water is not entirely satisfactory. The amounts of organic matter and nitrogen 
in the soil are low, and special effort should be made to increase these constituents 
by growing legumes, preferably sweet clover. 

The problem of phosphate fertilization has not been finally worked out for 
this soil type. The evidence thus far secured from the experiment fields in 
southern Illinois is in agreement in showing that the use of rock phosphate at 
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the rate of one ton an acre for a rotation does not result in sufficient increase 
in crop yields to pay for the phosphate. Altho, by the rock-phosphate treatment, 
the wheat yield was increased 4.5 bushels in the manure system and 4.0 bushels 
in the residue system, as an average of 30 crops on four fields, these increases are 
not large enough (in the absence of any consistent increases in the yields of the 
other crops in the rotation) to pay for the cost of the rock phosphate. Steamed 
bone meal has been used at the rate of 200 pounds an acre a year on three ex- 
periment fields in southern Illinois which are located on this soil type. This 
treatment has resulted in a fair profit on the DuBois field, but in a consistent 
loss on the Cutler and Odin fields. One series of plots on the Odin field has 
been used for a study of the comparative effect of steamed bone meal, acid phos- 
phate, rock phosphate, and slag phosphate on crop yields, in a rotation of corn, 
oats, and three years of clover and timothy hay. These materials are applied 
at the rate of 200, 333, 666, and 260 pounds an acre a year respectively.- In 
these experiments the increase in yield has in no ease been large enough to pay 
for the cost of the phosphate. 

The results, thus briefly stated, following the use of the various phosphates 
should not be interpreted to mean that none of the above phosphates ean be 
used at a profit on this soil, but rather that none of them can be used at a profit 
as they were used in these experiments. The character of this soil, together 
with the well-known response’ of wheat to phosphates, suggests that further 
trials be made of phosphatie fertilizers, altho with the present information no 
definite recommendation as to the particular form of phosphorus carrier to use 
can be given. If either acid phosphate or basic slag is used, it should be applied 
at the rate of about 300 pounds an acre after plowing and before working down 
the seed bed. Rock phosphate should be applied in larger amounts, probably 
about 1,000 pounds an acre. It should be applied either in preparation for a 
clover crop, or turned down with some form of organic matter as explained in 
the Appendix, page 37. 

The marked response exhibited by corn to potassium fertilization on this 
soil prompts the further suggestion that trials of potash be made, at least on an 
experimental scale, the material being applied direct to the corn crop. For 
this purpose a dressing of either potassium sulfate or potassium chlorid at the 
rate of 100 pounds an acre may be given the land in preparation for corn. 

These suggestions presuppose that sufficient nitrogen is supplied for good 
crop yields thru the growing of legumes and the use of manure and crop residues. 
It should be noted that the experiment field results at Odin and at DuBois, which 
are included in the Supplement, pages 50 and 55, show a very substantial and 
profitable increase in yields on this soil following the use of limestone and some 
form of organic matter, either farm manure, green manures, or crop residues. 
The reader’ is referred to the Supplement of this report for results secured on 
certain of the experiment fields in the southern part of the state which are lo- 
cated on this soil type. 


Brown-Gray Silt Loam On Tight Clay (328) i 
Brown-Gray Silt Loam On Tight Clay covers only 12.78 square miles, or 
2.15 percent of the area of the county. It occurs, for the most part, in the 
vicinity of the village of Baldwin. 
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The surface is about 8 inches deep and is a grayish brown silt loam. The 
subsurface is a light gray silt loam and usually extends to a depth of about 
20 inches. Occasionally this gray layer is found to consist of two strata, the 
upper being a brownish gray silt loam which passes into the true gray layer at 
a depth of about 13 inches. The subsoil is made up of two strata: the upper, to 
a depth of 32 to 36 inches, is a plastic, strongly mottled yellow or dark reddish 
brown clay; the lower is a friable, mottled yellow silt loam or silty clay loam 
frequently containing numerous dark red spots or blotches of iron oxid. 

Management.—Tests show this type to be of medium acidity to the depth 
of the lower subsoil stratum, except in the case of the seald spots, which com- 
monly contain lime concretions at a depth of 20 to 30 inches. Below the subsoil 
it is either not acid or only slightly so. No carbonates were found to a depth 
of 5 feet, except as above noted. Limestone should be applied at the rate of 
2 or 3 tons an acre. It is advisable to test each field which is to be limed, as 
directed on page 34 of the Appendix, or better, with the assistance of the county 
farm adviser or of the Experiment Station, in order to determine the amount of 
limestone needed. The flat topography of the type, together with its impervious 
upper subsoil stratum, makes drainage the most serious difficulty in its manage- 
ment. Surface drainage must be depended upon for the removal of excess water 
since the impervious nature of the subsoil or ‘‘tight clay’? makes the downward 
movement of water very slow. The amounts of nitrogen and organic-matter in 
the type are low, and these deficiencies should be met by growing legumes, prefer- 
ably sweet clover, and using them for soil improvement either directly as green 
manures or indirectly as stable manure. The roots of sweet clover penetrate 
the ‘‘tight clay,’ and thus make use of the nutrient elements contained in it. 
Whether their penetration and subsequent decay will result in gradually opening 
up this relatively impervious stratum is not yet established. 

There is not enough experimental evidence regarding the fertilization of 
this soil type to warrant a definite statement. Nitrogen is probably the limiting 
factor, and until this deficiency is met by the use of clovers, as advised above, 
the application of mineral fertilizers could not be expected to cause satisfactory 
increases in yield. The evidence thus far secured from the experiment fields 
indicates that rock phosphate cannot be used at a profit when applied at the 
rate of a ton an acre every four or five years; there is, of course the possibility 
that a lower rate of application might prove profitable. The possibility also 
suggests itself that the use of one of the more soluble phosphates, either acid 
phosphate or basic slag, for wheat might prove profitable. For a more com- 
plete discussion of the phosphate problem and advice as to how to apply the 
more soluble phosphates, the reader is referred to the recommendations for the 
management of Gray Silt Loam On Tight Clay (330), page 13. A suggestion 
will also be found on this same page regarding the trial of a potash fertilizer 
‘for corn. Results of experiments on the Alhambra and the Pana fields, repre- 
senting Brown-Gray Silt Loam On Tight Clay, are reported in the Supplement, 
: pages 57 and 58. 
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(b) UPLAND TIMBER SOILS 


Yellow-Gray Silt Loam, Shallow Loess (334) 

Yellow-Gray Silt Loam, Shallow Loess, is the most extensive ‘soil type in 
Randolph county. It covers an area of 168.02 square miles, or about 28 percent 
of the area of the county. The type varies in topography from flat to gently 
rolling. The flat portions of the type have a compact subsoil which approaches 
the prairie subsoil in tightness; the undulating and rolling portions of the type 
have a subsoil which, tho frequently compact, is not impervious. The tendency 
towards tightness or imperviousness is characteristic of the more level areas of 
Yellow-Gray Silt Loam in southern Illinois. Another characteristic of the type 
as a whole in the southern part of the state is the presence of so-called seald spots. 

The surface soil of this type varies in depth from 7 to 8 inches, in color 
from a light brownish gray to a yellowish gray, and in texture from a silt loam 
to a fine sandy silt loam. The subsurface varies from 14 to 20 inches in depth 
and is usually a light gray silt loam on the flat areas and a yellowish gray silt 
loam on the undulating areas. The subsoil appears to be made up of two strata. 
The upper is a mottled yellow, impervious clay on the flat areas and a mottled 
yellow, compact but not impervious, clay loam or silty clay loam on the un- 
dulating areas. The depth of this stratum varies from 30 to 38 inches. The 
lower subsoil stratum is a mottled yellow or reddish yellow, friable silty clay loam. 

Management.—This type varies from medium to strongly acid. No ear- 
bonates occur to a depth of five feet, tho the reaction is usually neutral or only 
slightly acid below a depth of 40 inches. Careful tests should be made of each 
field before liming, as directed in the Appendix, page 34, or better, with the 
assistance of the county farm adviser or of the Experiment Station. Surface 
drainage is good except on the flat areas and, unfortunately, the tendency to 
‘‘tightness’’ of the subsoil on these flat areas make surface drainage by means of 
furrows necessary. The organic-matter and nitrogen contents of the soil are low. 
The results of field experiments in southern Illinois are in agreement in showing 
that the use of limestone and clover or farm manure is very profitable on this 
soil type. The results from these same fields are likewise in agreement that rock 
phosphate cannot be used at a profit at the rate at which it has been applied on 
these fields; that is, at the rate of one ton an acre once in the rotation. No ex- 
perimental information is available as to whether it can be used in smaller 
amounts at a profit; however, this is a possibility which is well worth trying in 
an experimental way. It is also suggested that one of the more soluble phos- 
phates, either acid phosphate or basic slag, be tried as suggested for Gray Silt 
Loam On Tight Clay (see page 13). It would also be well to try potash for corn, 
as suggested in this same discussion. 


Yellow Silt Loam, Shallow Loess (335) 

Yellow Silt Loam, Shallow Loess, occupies 50.9 square miles, or 8.41 percent 
of the area of the county. It is of low agricultural value because of its steep 
topography, and is, for the most part, suited only to pasture and timber. 

The character of this type varies greatly owing to differences in rate of 
erosion caused chiefly by differences in slope. The surface soil is usually a yellow 
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or grayish yellow silt loam. It may be a yellow or grayish yellow clay loam, 
depending on the amount of recent erosion. The. subsurface and subsoil are 
similar to the surface in color but are heavier and are compact. 

Management.—Leaching has removed the carbonates from this type to a 
depth greater than that to which roots can penetrate. This fact may explain 
why bluegrass does not do well over much of the area. The steep slopes make 
the land subject to serious washing. If limestone can be secured, both of the 
above difficulties can be met, but much of this land is too far from a shipping 
point to permit the purchase of limestone, and much of it is too steep for the 
profitable application of this material. Under such conditions it would seem 
that the land should be used for timber production. In case limestone can be 
considered, the reader is referred to the discussion of the Vienna experiment 
field in the-Supplement, page 61. 


Light Gray Silt Loam On Tight Clay, Shallow Loess (332) 


Light Gray Silt Loam On Tight Clay, Shallow Loess, occurs in small flat 
areas thruout Yellow-Gray Silt Loam (334). It is the poorest type of upland soil 
in the county, but fortunately there is a total of only 3.54 square miles of it. 

The surface is a gray silt loam or fine sandy silt loam and is about 6 inches 
deep. The subsurface is usually light gray to nearly white silt loam and passes 
very abruptly-into the subsoil at a depth of about 20 inches. The subsoil com- 
prizes two strata. The upper stratum is a very plastic, strongly mottled yellow 
or gray clay; the lower, starting at about 34 inches, is a friable, gray or strongly 
mottled silt loam. . 

Management.—The impervious subsoil of this type makes underdrainage 
impossible. The soil is strongly acid and very low in organic matter. Sweet 
clover will do well after about 4 tons of limestone an acre has been applied. 
Timothy and redtop are probably the surest crops on this land. See page 44 of 
the Supplement for an account of field experiments on this type of soil. 


Yellow-Gray Sandy Loam, Shallow Loess (364) 

Yellow-Gray Sandy. Loam, Shallow Loess, occurs as long, narrow strips ad- 
jacent to the bottom land or terrace of Kaskaskia river. Only 1.1 square miles 
of the type are found in the county. 

The surface is a light brown or yellowish brown fine sandy loam. The sub- 
surface, beginning at about 7 inches, is a yellowish gray fine sandy loam, and 
the subsoil, beginning at about 16 inches, is a dark reddish yellow, silty clay 
loam. At a depth of about 37 inches, the subsoil becomes fairly friable and 
mottling appears. There is, however, no very distinct difference between these 
two subsoil strata. 

Management.—Limestone should be applied at the rate of 2 to 3 tons an 
acre and clovers grown to provide nitrogen and to help increase the organic- 
matter content of the soil. The trial of one of the soluble phosphates, either 
acid phosphate or basic slag, for wheat, and a potash salt for corn is suggested. 
The method and rate of application of these fertilizing materials is explained in 
the discussion of the management of Gray Silt Loam On Tight Clay, page 18. 
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° Yellow Sandy Loam, Shallow Loess (365) 

Yellow Sandy Loam is of little importance because of its small area (.64 
square mile) and its low agricultural value. The surface is a yellow sandy loam . 
unless very recent erosion has exposed the deeper strata. The subsurface and 
subsoil are similar to the surface except that they are compact. 


Management.—The reader is referred to the discussion of the management 
of Yellow Silt Loam (335), page 16, for suggestions regarding the a at 
of this type. 


Yellow-Gray Silt Loam, Deep Loess (834) 

Yellow-Gray Silt Loam, Deep Loess, occurs on the narrow divides in the 
rough, hilly belt adjacent to the Mississippi river. It usually contains a higher 
percentage of fine satid than those areas of timber soil which are farther from 
the river. The profile of this type is similar to that of the rolling portions of 
Yellow-Gray Silt Loam, Shallow Loess (334). 

The surface soil, which is 7 to 9 inches in depth, is a yellowish brown, fine 
sandy silt loam or silt loam. The subsurface to a depth of 18 or 20 inches is a 
slightly mottled, yellowish gray, fine sandy silt loam. The subsoil to a depth 
of about 32 inches is a mottled, yellow, silty clay loam, with a very decided com- 
pactness on the more level portions of the area which are adjacent to the line 
separating the shallow from the deep loess. Below 32 inches, the subsoil is a 
friable, mottled yellow silt loam. 

Management.—The management requirements of this type are the same as 
those for Yellow-Gray Silt Loam, Shallow Loess, (see page 16), with the excep- 
tion that less limestone is probably required, particularly near the bluff line. 


Yellow Silt Loam, Deep Loess (835) 

Yellow Silt Loam, Deep Loess, is similar to the corresponding shallow loess 
type with the following exceptions: it contains a higher percentage of fine sand, 
the slopes are longer and frequently steeper, and less limestone is probably re- 
quired to grow clover. The tests made did not show carbonates to be present 
in the 5-foot section, and the absence of sweet clover growing wild in cuts in- 
dicates deep leaching of the carbonates; however, a lower degree of acidity was 
indicated by the acidity tests than was found to prevail in the shallow loess area. 
This type covers an area of about 61 square miles, or a little more than 10 per- 
cent of the area of the county. 

Management.—Y ellow Silt Loam, Deep Loess, should be used for orchards, 
pasture, or timber. The slopes are too long and too steep, as a rule, to permit 
the raising of cultivated crops. Clover can rarely be grown with any degree 
of success without limestone, and the roads are such as to prohibit its application 
if it has to be hauled from a shipping point. The problem may be solved by 
local crushing or home burning where a limestone outcrop is available. 


Yellow-Gray Fine Sandy Silt Loam, Deep Loess (844) 
Yellow-Gray Fine Sandy Silt Loam, Deep Loess, (844) is very similar to 
Yellow-Gray Silt Loam (834); in fact, the line separating the two is very in- 


1925] RANDOLPH COUNTY 19 


definite. The former type contains a higher percentage of fine sand than the 
major portion of the latter type; however, the proportion of fine sand decreases 
gradually from the river inland. The type occupies an area of 16.6 square miles, 
or 2.8 percent of the area of the county. 

The surface soil is about 8 inches deep and is a grayish yellow fine sandy 
loam. The subsurface, extending to a depth of about 19 inches, is a pale yellow 
fine sandy loam. The subsoil is made up of two distinguishable strata; the 
upper to a depth of about 45 inches is a compact, slightly mottled, yellow silty 
clay loam; the lower is very similar in color and physical composition but is 
much less compact. 

Management.—Since this type occurs on the crests of the narrow divides, 
the fields are narrow and irregular in outline. The soil is acid, tho not strongly 
so. The carbonates have been leached out to a depth of at least 5 feet. The 
fact that sweet clover is rarely found growing wild in the cuts indicates an 
advanced stage of leaching. The most important consideration in the manage- 
ment of this soil is to increase its nitrogen and organic-matter contents by the 
use of clover. It is necessary to make a moderate application of limestone in 
order to grow clover. The exact amount needed varies in different portions of 
the area, but in general, 2 tons an acre, if finely ground, will be sufficient to get 
a good stand of clover. It is not probable that this type will respond to rock 
phosphate very satisfactorily. The Unionville experiment field is located on soil 
that is similar, and the returns on that field are not such as to encourage the 
use of this material. The information which is now available indicates that if 
this land is to be used for growing the general farm crops, nitrogen and organic 
matter should be provided as advised above, and that in addition to this, one 
of the soluble phosphates, either acid phosphate or basic slag, should be tried 
for wheat, applying it after plowing and before working down the seed bed, 
at the rate of about 300 pounds an acre. It is also suggested that a trial be made 
of one of the potash salts, applying it at the rate of about 100 pounds an acre 
for corn, after plowing. 


Yellow Fine Sandy Silt Loam, Deep Loess (845) 


Yellow Fine Sandy Silt Loam is similar to Yellow Silt Loam (835) in topog- 
raphy; in character of soil, except that it contains a larger proportion of fine 
sand; in agricultural value; in degree of acidity; and in lack of carbonates to a 
depth of 5 feet. 

Management.—The reader is referred to the discussion of the management 
of Yellow Silt Loam (835), page 18, for suggestions regarding the management 
of this type. 


Yellow-Gray Silt Loam, Ridge (234) 


Yellow-Gray Silt Loam, Ridge, occupies a very distinct morainal ridge which 
extends northward from the vicinity of Steeleville to about. a mile from Sparta 
and takes a westerly direction to Plum creek. The slopes are strongly eroded 
owing more to lack of care in protecting them against washing than to their 
steepness. : 
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The surface soil is a grayish yellow silt loam and is about 7 inches deep. 
The subsurface is a gray silt loam, and the subsoil, starting at about 20 inches, 
is a compact, mottled, yellow clay loam to a depth of about 35 inches, where it 
becomes friable. 


Management.—This type requires practically the same management as 
Yellow-Gray Silt Loam (334), page 16, and in addition special precautions should 
be taken to control washing. 


Yellow Silt Loam, Ridge (235) 


Yellow Silt Loam, Ridge, was separated in the mapping from Yellow Silt 
Loam, Shallow Loess, on the basis of difference in formation. The two types are 
similar in character’ of soil, with the difference that the slopes of the ridge type 
are less steep, as a rule, than those of the shallow loess type; so far as is known, 
they require the same kind of management. 


(c) TERRACE SOILS 
‘Yellow-Gray Fine Sandy Silt Loam (1544) 


Yellow-Gray Fine Sandy Silt Loam, Terrace, is limited almost entirely to 
small, disconnected areas bordering the lower course of Mary’s ereek. It is an 
unimportant type because of its small extent, .75 square mile. It occupies areas 
which are about 40 feet above the level of the adjacent bottom lands. These 
areas apparently are old formations. Some of them have a subsoil which has 
a tendency to be impervious, or ‘‘tight.’’ 

The surface soil, to a depth of about 7 inches, is a gray or yellowish gray, 
fine sandy silt loam. The subsurface varies from a mottled yellow silt loam to 
a gray silt loam, depending on whether a tight clay subsoil has been formed. 
A gray subsurface is associated with a tight subsoil. The subsoil, beginning at 
about 19 inches, when not tight is a compact, mottled, yellow clay loam, which 
becomes friable at about 35 inches. The same colors and depths are found on 
the tight areas, but the highly plastic, impervious nature of the tight layer has 
a marked influence on agricultural value. 


. Management.—The reader is referred to the discussion of the management 
of Yellow-Gray Fine Sandy Silt Loam (844), page 18, for suggestions regarding 
the management of this type. The requirements of the two types are probably 
the same, with the exceptions that a somewhat heavier application of limestone 
should be made to the terrace type and provision for surface drainage of the 
portions of the type having an impervious subsoil should be made. — 


Yellow-Gray Sandy Loam (1564) 


Yellow-Gray Sandy Loam, Terrace, covers an area of about 2 square miles. 
It occurs, for the most part, adjacent to the bottom land of Kaskaskia river south 
of the village of Evansville. The areas west of the river are 20 feet or more 
above the level of the bottom land, while those east of the river are only a few 
feet above it. 
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This type differs from Yellow-Gray Sandy Loam, Upland (364), in its 
method of formation but is similar in other respects, including management re- 
quirements. For suggestions regarding the management of this type, the reader 
is referred to the discussion of the management of Yellow-Gray Sandy Loam, 
Upland, page 17. 


Light Brown Sandy Loam (1560.6) 


There is less than half a square mile of Light Brown Sandy Loam in Ran- 
dolph county. This type occurs along the lower course of Kaskaskia river. 

The surface is a light brown or grayish brown sandy loam. The subsurface, 
beginning at about 8 inches, is a grayish yellow sandy loam, and the subsoil is 
a mottled, yellow, compact, sandy clay loam. 

Management.—This type has the same general management requirements 
as Yellow-Gray Sandy Loam, Upland, and the reader is referred to the manage- 
ment discussion found on page 17. 


Yellow-Gray Sandy Loam On Clay (1564.1) 


Yellow-Gray Sandy Loam On Clay occurs in small areas along the lower 
courses of Mary’s creek and Kaskaskia river. Its total area is less than one 
square mile. . 

The surface, which is about 8 inches deep, is a brownish gray sandy loam. 
The subsurface is a gray sandy loam, and the subsoil, beginning at about 20 
inches, is a plastic but pervious gray clay or clay loam. 

Management.—Yellow-Gray Sandy Loam On Clay probably has the same 
management requirements as Yellow-Gray Sandy Loam (364), with the excep- 
tion that its drainage is poorer. The reader is referred to the discussion on page 
17 for suggestions regarding the management of this type. 


Yellow-Gray Silt Loam On Clay (1534.1) 


Yellow-Gray Silt Loam On Clay is found along Mary’s, Butter, and Plum 
ereeks, and Kaskaskia river, and has the same character of profile as the pre- 
ceding type, Yellow-Gray Sandy Loam On Clay, with the exception that the 
surface and subsurface are silt loam. It occupies an area of little more than 
2 square miles. ; 

Management.—The reader is referred to the management paragraph for 
Yellow-Gray Silt Loam (334), page 16, for suggestions iia the manage- 
ment of this type. 


Light Gray Silt Loam On Tight Clay (1532) 

Light Gray Silt Loam On Tight Clay, Terrace, occurs in small detached 
areas bordering nearly all the streams in the county. The total area of the type 
is only 4.14 square miles and this fact, together with its low agricultural value, 
makes it an unimportant type. It is similar in topography, character of profile, 
and management requirements to the corresponding upland type and differs 
from it only in origin. 
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Gray Clay (1516) 

Gray Clay, Terrace, is found along the lower course of Kaskaskia river 
just south of Evansville. It ocewpies only 1.15 square miles and is of small im- 
portanee. The surface soil is gray clay, plastic and difficult to work. There is 
no distinct stratification showing subsurface and subsoil development, but the 
color becomes a lighter gray and the degree of plasticity increases with increas- 
ing depth. 

Management.—Gray Clay is not well suited to farming because its physical 
characteristics make it extremely difficult to work. Portions of the type are 
farmed. Post oak is the characteristic timber found on the type, and probably 
the entire area should be used for timber production. 


Drab Clay (1515) 
Drab Clay, Terrace, is found in small areas along the lower course of Kas- 
kaskia river. Its total area in the county is less than one square mile. 
This type is similar to Gray Clay (1516), described above. It differs from 
Gray Clay in that its color thruout the 40-inch section is drab instead of gray 
and it is slightly less plastic. 


(d, e) SWAMP AND BOTTOM-LAND SOILS (1300, 1400) 


It has been found advisable to abandon the classification of swamp and 
bottom-land soils into the two groups ‘‘Old’’ and ‘‘Late’’ as shown on the map 
(which was made in 1916-17), because this classification was based on the sup- 
posed age of the soil material and not on the stage of maturity of the soil. The 
difficulty which arises in attempting to adhere to this classification is well illus- 
trated by the following example taken from Randolph county. Yellow-Brown 
Fine Sandy Loam (1379) is classified in the ‘‘Old’’ group. This type consists 
of a recent deposit from the adjacent bluffs and lies on top of surrounding types 
which are classified as ‘‘Young’’ or ‘‘Late.’’ This deposit is so recent that none 
of the characteristics of mature soils have been developed. This brief discussion 
is intended to clear up the question which might arise as to the reason for not 
adhering in the type descriptions to the grouping of bottom-land types which 
appears on the soil map. 


Deep Gray Silt Loam (1331) 

Deep Gray Silt Loam, Bottom, comprizes the major portion of the small 
bottoms thruout the county. Its total area is 24.44 square miles. 

The surface soil is about 7 inches deep and is a light brownish gray silt 
loam. Distinct subsurface and subsoil horizons are not usually found to have 
been developed. Over a considerable portion of the type a gray fine sandy silt 
loam subsurface is found extending to a depth of about 30 inches, and then a 
strongly mottled, chocolate-colored, fine sandy silt loam subsoil, which is not 
plastic and only slightly compact, occurs. 

Management.—This type varies in acidity from slight to strong, tho but a 
small portion of it shows a high lime requirement because of frequent over- 
flows which tend to keep the acidity neutralized. A large percentage of the type 
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is under cultivation. It is well adapted to corn growing but, because of flood- 
ing, the maintaining of the nitrogen and organic-matter supply is peculiarly 
diffieult.. Wherever clover can be grown, the lime requirement should be satis- 
fied. On account of extreme difficulties in transportation in much of this dis- 
trict, the use of burned lime instead of limestone, as representing a more con- 
eentrated product, might be considered in some eases. Clover should then be 
grown systematically, for this soil is very low in nitrogen and organic matter. 


Brown Silt Loam (1326) 

Brown Silt Loam, Bottom, is found along Kaskaskia river, and covers a 
total area of only 3.25 square miles. It is a recent soil, as shown by the absence 
of horizon development. The surface to a depth of about 12 inches is brown 
silt loam. At this depth the color changes to drabbish brown with slight mottling. 

Management.—This type is usually medium acid and requires 2 or 3 tons 
of limestone an acre to grow sweet clover. It is a fertile soil, well adapted to 
clover growing, but is subject to overflow, thus largely eliminating the possi- 
bility of growing clover as a means of maintaining the organic-matter and 
nitrogen supply. No fertilizer application is advised for this type, but it is 
suggested that every means available for maintaining the organic-matter content 
of the soil be utilized. 


Mixed Loam (1354, 1454) 

Mixed Loam is found in the bottoms along the upper courses of the small 
streams thruout the county and in the Mississippi bottom. It occupies a total 
area of 50.67 square miles. Much of this land is subject to frequent flooding 
and, while it is productive, it must be used for crops which can be planted and 
harvested between flood periods. Much of this type is occupied by timber. The 
timber growth consists of sycamore, maple, elm, hickory, oak, and other varieties. 
The areas classified as Mixed Loam consist of a variety of soils which cannot 
successfully be separated. Some of this land is under cultivation and much of 
it would be well adapted to general farming were it not for frequent flooding. 


Yellow-Brown Fine Sandy Loam (1379) 

Yellow-Brown Fine Sandy Loam, Bottom, occupies an area of 5.19 square. 
miles. It consists of a deposit of wash derived from the adjacent bluffs and it 
varies considerably in depth. The underlying soil upon which it has been de- 
posited is frequently encountered within the 40-inch section. The deposit is so 
recent that but slight horizon development has taken place. 

The surface to a depth of 9 or 10 inches is yellowish brown fine sandy loam 
and below this, down to the underlying soil upon which the deposit has been 
made, it is grayish yellow in color and is of the same texture as the surface. 

Management.—This soil shows no acidity and is productive and easily 
worked. It is an excellent alfalfa soil and is well adapted to general farming 
or to vegetable growing. No fertilizer treatment is advised for this type, but 
it is recommended that every means available for increasing its nitrogen and 
organic-matter supply be utilized. 
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Mixed Sandy Loam (1363) 


Mixed Sandy Loam occupies less than half a square mile. It is similar to 
Mixed Loam except that its texture is coarser and, in general, is not so good a 
soil as Mixed Loam because of its coarse texture. 


Drab Clay (1315, 1415) 


There are almost 20 square miles of Drab Clay, Bottom, mapped in Ran- 
dolph county, most of which is in the Mississippi bottom. This type has a dark, 
drab-colored surface soil to a depth of about 8 inches, and is drab-colored below 
8 inches. The texture is clay thruout the soil section and dark reddish yellow 
splotches begin to oceur at a depth of about 16 inches. 


Management.—Much of the Drab Clay in subject to overflow and is poorly 
drained. It is farmed to some extent, tho a considerable portion of it is in 
timber. Its heavy nature and high plasticity makes it an undesirable soil for 
farming even tho it were drained. The chief requirement in the management 
of this type, after drainage, is fresh organic matter. It is but slightly acid, even 


where infrequently flooded, and the frequently flooded portions of the type show 
no acidity. 


Brown Silt Loam On Clay (1426.1) 


Brown Silt Loam On Clay, Bottom, has a total area of 10.12 square miles. 
It is a productive soil, tho inadequately drained. 

The surface soil, which is usually about 9 inches deep, is brown silt loam, 
frequently a heavy phase. In some portions of the area the subsurface, 9 to 
18 inches, is grayish brown silt loam, while in others this stratum is black clay 
which rests on drab clay at a depth of about 18 or 19 inches. In ease the grayish 
brown stratum is present, it usually rests on a thin stratum of black clay and 
the drab clay occurs at a depth of about 26 inches instead of at 18 or 19 inches 
as in the former case. 


Management.—There is need for better drainage over most of the area 
occupied by this type. The reaction varies from neutral to slightly acid. In 
no case would more than 2 tons of limestone an acre be needed for sweet clover 
or alfalfa. Provision should be made for adding organic matter at regular in- 
tervals. No soil treatment other than good tillage, fresh organie matter, and 
limestone where needed, is advised. 


Brown Silt Loam On Tight Clay (1428.1) 


Brown Silt Loam On Tight Clay occurs in small areas in the Mississippi 
bottom between Fort Gage and Prairie du Rocher. The total area of this type 
in Randolph county is about 114 square miles. 

The surface soil, which is about 7 inches deep, is brown silt loam. The sub- 
surface is usually a thin stratum of only 3 or 4 inches in thickness. It is grayish 
brown silty clay loam. The upper subsoil which extends to a depth of about 
28 or 80 inches is a mottled, brown and yellow clay loam, fairly compact and 
plastic. The lower subsoil is a very friable, mottled, yellow sandy silt loam. 
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Management.—This type is in need of better drainage. The presence of a 
rather impervious subsoil makes it necessary to depend entirely on open ditches 
for the removal of excess water. The surface and subsurface are not acid 
and the subsoil shows only slight or medium acidity. No treatment is advised 
for this soil other than improving the drainage and providing for the regular 
return of organic matter. 


Brown Silt Loam On Sand (1426.2) 


Brown Silt Loam On Sand occurs mainly on Kaskaskia Island. A total 
of 5.92 square miles was mapped. Its peculiar formation in long narrow strips 
between depressions of Drab Clay (1415) or Brown Sandy Loam (1460) is due 
to river action. The depth to sand varies from 5 or 6 inches to about 30 inches. 

The surface soil is brown silt loam and is about 8 inches deep, where the 
sand does not occur within that distance below the surface. Below the surface 

soil down to the sand is a drabbish brown silt loam. 

Management.—This svil, where not subject to too frequent overflow, is 
excellent alfalfa land and is equally good for any of the general farm crops. 
It is not acid and requires only good tillage and fresh supplies of organic matter 
to keep it in excellent condition. 


Brown Sandy Loam (1460) 


Brown Sandy Loam, Bottom, occurs, for the most part, as long narrow ridges 
of sand-bar like formation. A total of 8.56 square miles is found in the county, 
and all of it is located in the Mississippi bottom and on Kaskaskia Island. It 
varies from a good productive sandy loam to coarse sand. Much of it, however, 
is good soil, but the danger of frequent overflow lessens its agricultural value, 
particularly on the southern side of Kaskaskia Island and just west of the 
mouth of Kaskaskia river. 

Management.—The higher portions are becoming acid and require about 2 
tons of limestone an acre to grow sweet clover or alfalfa; otherwise no fertilizer 
treatment is advised. It is good alfalfa land unless subject to frequent overflow. 


Brown Fine Sandy Loam (1471) 


Brown Fine Sandy Loam, Bottom, is similar in origin to Yellow-Brown 
Fine Sandy Loam (1379) but is an older formation, as is shown by the develop- 
ment of fairly distinct strata or horizons. A total of less than 2 square miles 
of the type occurs in the county. 

The surface soil is about 10 inches deep and is a brown sandy loam. The 
subsurface extends to a depth of about 20 inches and is a grayish brown fine 
sandy loam. The subsoil to the depth sampled (40 inches) is a brownish gray 
fine sandy silt loam. 

Management.—This is an excellent soil. It is not acid in the surface and 
is only very slightly acid in the subsurface and subsoil. 
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Brown-Gray Clay Loam On Tight Clay (1422.1) 


Brown-Gray Clay Loam On Tight Clay occurs in relatively small areas in 
the Mississippi bottom south of Modoe station. The total area of the type in 
the county is 1.55 square miles. | 

The surface soil is a brown clay and is about 8 inches deep. The subsurface 
in places is drab clay which extends without change to 40 inches or more in 
depth. In other places there is a grayish drab clay stratum to a depth of about 
14 inches and then a highly plastie drab clay to 40 inches or more in depth. 

Management.—This type is not essentially different in management require- 
ments from Drab Clay (1415). It is a little easier to work, but it is in need 
of improved drainage to make it a desirable soil for general farming. 


(f) RESIDUAL SOILS 


The total area of the formations in Randolph county mapped as Residual 
Soils comprizes only 2.32 square miles. Nearly one-half of this total area is 
occupied by outcrops of sandstone which have no agricultural value. The lime- 
stone outcrops may in many cases be used as local sources of ground limestone 
or of burned lime, if conditions are such that home burning of the stone can 
be practiced. Miscellaneous samples examined indicate that much of this rock 
is of very good quality for such a purpose. The Stony Loam (098) which com- 
prizes less than one-half square mile is of no value other than for pasture or 
timber. 


APPENDIX 


EXPLANATIONS FOR INTERPRETING THE SOIL SURVEY 


CLASSIFICATION OF SOILS 

In order intelligently to interpret the soil maps, the reader must under- 
stand something of the method of soil classification upon which the survey is 
based. Without going far into details the following paragraphs are intended 
to furnish a brief explanation of the general plan of classification used. 

The type is the unit of classification and each type has definite character- 
istics. In establishing types, the following factors are taken into account: the 
character of the horizons composing the soil as to depth and thickness, physical 
composition, structure, organic-matter content, color, reaction, and carbonate 
content; the topography; the native vegetation; and the geological origin of 
the soil. 

Not infrequently areas are encountered in which type characters are not 
distinetly developed or in which they show considerable variation. "When these 
variations are considered to have sufficient significance, type separations are 
made whenever the areas involved are sufficiently large. Because of the almost 
infiinite variability occurring in soils, one of the exacting tasks of the soil sur- 
veyor is to determine the degree of variation which is allowable for any given 


type. 


*Since some of the terms used in designating the factors which are taken into account 
in establishing soil types are technical in nature, the following explanations are introduced: 

Horizon. A layer or stratum of soil which differs discernibly from those adjacent in 
color, texture, structure, chemical composition, or a combination of these characteristics, is 
ealled an horizon. 

Depth and Thickness. The horizons or layers which make up the soil profile vary in 
depth and thickness. These variations are distinguishing features in the separation of soils 
into types. 

Physical Composition. The physical composition, sometimes referred to as ‘‘texture,’’ 
is a most important feature in characterizing a soil. The texture depends upon the rela- 
tive proportions of the following physical constituents: clay, silt, fine sand, sand, gravel, 
stones, and organic material. 

Structure. The term ‘‘structure’’ has reference to the aggregation of particles within 
the soil mass and carries such qualifying terms as open, granular, compact. 

Organic-Matter Content. The organic matter of soil is derived largely from plant 
tissue and it exists in a more or less advanced stage of decomposition. Organic matter 
forms the predominating constituent in certain soils of swampy formation. 

Color. Color is determined to a large extent by the proportion of organic matter, but 
at the same time it is modified by the mineral constituents, especially by iron compounds. 

Reaction. The term ‘‘reaction’’ refers to the chemical state of the soil with respect 
to acid or alkaline condition. It also involves the idea of degree, as strongly acid or 
strongly alkaline. ‘ 

Carbonate Content. The carbonate content has reference to the calcium carbonate 
(limestone) present, which in some cases may be associated with magnesium or other car- 
bonates. The depth at which carbonates are found may beccme a very important factor 
in determining the soil type. 

Topography. Topography has reference to the lay of the land, as level, rolling, 
hilly, etc. 

Native Vegetation. The vegetation or plant growth before being disturbed by man, 
as prairie grasses and forest trees, is a feature frequently recognized in determining 
soil types. : 

Geological Origin. Geological origin involves the idea of character of rock materials 
composing the soil as well as the method of formation of the soil. 

27 
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Classifying Soil T'ypes——tIn the system of classification used, the types fall 
first into four general groups based upon their geological relationships; namely, 
upland, terrace, swamp and bottom land, and residual. These groups may be 
subdivided into prairie soils and timber soils, altho as a matter of fact this sub- 
division is applied in the main only to the upland group. These terms are all 
explained in the foregoing part of the report in connection with the description 
of the particular soil types. 


Naming and Numbering Soi Types.—trn the Ulinois soil survey a system 
of nomenclature is used which is intended to make the type name convey some 
idea of the nature of the soil. Thus the name ‘‘Yellow-Gray Silt Loam’’ car 
ries in itself a more or less definite description of the type. It should not be . 
assumed, however, that this system of nomenclature makes it possible to devise 
type names which are adequately descriptive, because the profile of mature 
soils is usually made up of four or more horizons and it is impossible to describe 
each horizon in the type name. The color and texture of the surface soil are 
usually included in the type name and when material such as sand, gravel, or rock 
lies at a depth of less than 30 inches, the fact is indicated by the word ‘‘on,’’ and 
when its depth exceeds 30 inches, by the word ‘‘over’’; for example, Brown 
Silt Loam On Gravel, and Brown Silt Loam Over Gravel. 

As a further step in systematizing the listing of the soils of Illinois, recog- 
nition is given to the location of the types with respect to the geological areas 
in which they occur. According to a geological survey made many years ago, 
the state has been divided into seventeen areas. with respect to geological forma- 
tion and, for the purposes of the soil survey, each of these areas has been as- 
signed an index number. The names of the areas together with their general 
location and their corresponding index numbers are given in the following list. 


000 Kesidual, soils formed in place thru disintegration of rocks, and also rock outcrop 

100 Unglaciated, comprizing three areas, the largest being in the south end of the state 

200 Illimoisan moraines, including the moraines of the Illinoisan glaciations 

300 Lower Illinoisan glaciation, covering nearly the south third of the state 

400 Middle Illinoisan glaciation, covering about a dozen counties in the west-central part 
of the state 

500 Upper Illinoisan glaciation, covering about fourteen counties northwest of the middle 
Illinoisan glaciation 

600 Pre-Iowan glaciation, but now believed to be part of the upper Illinoisan 

700 Iowan glaciation, lying in the central northern end of the state 

800 Deep loess areas, including a zone a few miles wide along the Wabash, Illinois, and 
Mississippi rivers 

900 Early Wisconsin moraines, including the moraines of the early Wisconsin glaciation 

1000 Late Wisconsin moraines, including the moraines of the late Wisconsin glaciation 

1100 Early Wisconsin glaciation, covering the greater part of the northeast quarter of the 
state e 

1200 Late Wisconsin glaciation, lying in the northeast corner of the state 

1300 Old river-bottom and swamp lands, found in the older or Illinoisan glaciation 

1400 Late river-bottom and swamp lands, those of the Wisconsin and Iowan glaciations 

1500 Terraces, bench or second bottom lands, and gravel outwash plains 

1600 Lacustrine deposits, formed by Lake Chicago, the enlarged glacial Lake Michigan 


For further information regarding these geological areas the reader is 
referred to the general map published in Bulletin 123. 
Another set of index numbers is assigned to the classes of weiter as based 


upon physical composition. The following list contains the names of — classes 
with their corresponding index numbers. 
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Index Number Limits Class Names 


Os “DSR BGS Sentiageics 6 eer aaELaaaor Peats 

SB LENPURIG Sg Siete es alee evs es Se'cd bie co ee Peaty loams 
IU BUDE ets lc As eal oicsl cia, vin, Tale ein «bye, ¢'e ers: 9 arate ese Mucks 

MRRP VCS. Sa Go Did alesis ciond'eie:s 6. L400 5, (058s Clays 
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PAPIANMEL Soo fo 0)'o ails, <1 A hats, os syciier'> (lus, wea Siahd.0,9. © Silt loams 
SPEIER EN Ga) g atchs ies. ipraie alu bib giwe 016 @-GVeeis,«) 9/ 0.0. Loams 

SRDS erate chlD Salat aie le, Valeba dic dle Welowd a d-0% Sandy loams 
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SE ra scence, 5.9 °s say, Svacs alley sys brs -4,00bte. «8 Stony loams 
EME oats SETS ela iipl 651014 td) ¢ s\n a eAdidieie ¢.0 Rock outcrop 


As a convenient means of designating types and their location with respect 
to the geological areas of the state, each type is given a number made up of 
a combination of the index numbers explained above. This number indicates 
the type and the geological area in which it occurs. The geological area is always 
indicated by the digits of the order of hundreds while the balance of the num- 
ber designates the type. To illustrate: the number 1126 means Brown Silt Loam 
in the early Wisconsin glaciation, 434 means Yellow-Gray Silt Loam of the mid- 
dle Illinoisan glaciation. These numbers are especially useful in designating 
very small areas on the map and as a check in reading the colors. 

A complete list of the soil types occurring in each county, along with their 
corresponding type numbers and the area covered by each type, will be found 
in the respective county soil reports in connection with the maps. 


SOIL SURVEY METHODS 


Mapping of Soil Types.—tIn conducting the soil survey, the county consti- 
tutes the unit of working area. The field work is done by parties of two to four 
men each. The field season extends from early in April to Thanksgiving. Dur- 
ing the winter months the men are engaged in preparing a copy of the soil map 
to be sent to the lithographer, a copy for the use of the county farm adviser until 
the printed map is available, and a third copy for use in the office in order to 
preserve the original official map in good condition. 

An accurate base map for field use is necessary for soil mapping. These 
maps are prepared on a scale of one inch to the mile, the official data of the 
original or subsequent land survey being used as the basis in their construction. 
Each surveyor is provided with one of these base maps, which he carries with 
him in the field; and the soil type boundaries, together with the streams, roads, 
railroads, canals, town sites, and rock and gravel quarries are placed in their 
proper location upon the map while the mapper is on the area. With the rapid 
development of road improvement during the past few years, it is almost in- 
evitable that some recently established roads will not appear on the published 
soil map. Similarly, changes in other artificial features will occasionally occur 
in the interim between the preparation of the map and its publication. The 
detail or minimum size of areas which are shown on the map varies somewhat, 
but in general a soil type if less than five acres in extent is not shown. 

' A soil auger is carried by each man with which he can examine the soil to 
a depth of 40 inches. An extension for making the auger 80 inches long is taken 
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by each party, so that the deeper subsoil may be studied. Each man carries a 
compass to aid in keeping directions. Distances along roads are measured by 
a speedometer or other measuring device, while distances in the field away from 
the roads are measured by pacing. 


Sampling for Analysis—After all the soil types of a county have been 
located and mapped, samples representative of the different types are collected 
for chemical analysis. The samples for this purpose are usually taken in three 
depths; namely, 0 to 624 inches, 624 to 20 inches, and 20 to 40 inches, as 
explained in connection with the discussion of the analytical data on page 6. 


. PRINCIPLES OF SOIL FERTILITY 


Probably no agricultural fact is more generally known by farmers and land- 
owners than that soils differ in productive power. A fact of equal importance, 
not so generally recognized, is that they also differ in other characteristics such 
as response to fertilizer treatment and to management. 

The soil is a dynamic, ever-changing, exceedingly complex substance made 
up of organic and inorganic materials and teeming with life in the form of 
microorganisms. Because of these characteristics, the soil cannot be considered 
as a reservoir into which a given quantity of an element or elements of plant 
food can be poured with the assurance that it will respond with a given increase 
in crop yield. In a similar manner it cannot be expected to respond with per- 
fect uniformity to a given set of management standards. To be productive a soil 
must be in such condition physically with respect to structure and -moisture as 
to encourage root development; and in such condition chemically that injurious 
substances are not present in harmful amounts, that a sufficient supply of the 
elements of plant food become available or usable during the growing season, 
and that lime materials are present in sufficient abundance favorable for the 
growth of the higher plants and of the beneficial microorganisms. Good soil 
management under humid conditions involves the adoption of those tillage, crop- 
ping, and fertilizer treatment methods which will result in profitable and per- 
manent crop production on the soil type concerned. ; 

The following paragraphs are intended to state in a brief way some of the 
principles of soil management and treatment which are fundamental to profitable 
and continued productivity. 


CROP REQUIREMENTS WITH RESPECT TO PLANT-FOOD MATERIALS 

Ten different elements of plant food are essential for the growth and forma- 
tion of every plant. These elements are: carbon, oxygen, hydrogen, nitrogen, 
phosphorus, sulfur, potassium, magnesium, calcium, and iron. Some seasons 
in central Illinois are sufficiently favorable to allow the production of at least 
50 bushels of wheat per acre, 100 bushels of corn, 100 bushels of oats, and 4 tons 
of clover hay. When such crops, growing under favorable climatic and cultural 
conditions and uninjured by disease or insect pests, are not produced the failure 
_is due to unfavorable soil conditions, which may result from poor drainage, poor 
physical condition, or from an actual deficiency in one or more of the elements 
of plant food. oa 
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TABLE 5.—PLANT-Foop ELEMENTS IN CoMMON Farm Crops! 


Produce . Phos- Potas- | Magne- : 
ee =e Nitrogen phorus Sulfur ears rns Calcium! Iron 
lbs. lbs. lbs. lbs. lbs. lbs. lbs. 
Wheat, grain..... 1 bu. 1.42 24 .10 26 08 .02 01 
Wheat straw...... 1 ton 10.00 1.60 2.80 18.00 1.60 3.80 .60 
OLB EAI sere»; 1 bu. 1.00 aly .08 19 .07 01 O01 
COrnBLOVER:.. 66 bss 1 ton 16.00 2.00 2.42 Ufo Boo 7.00 1.60 
Corn CODE... 5s 1 ton OM NM ces eeetey maxes See APMOMIN MMe tel! Sides Ul). oie tere 
Osis; gon 22... \. 1 bu. .66 Ai 06 .16 04 02 01 
Oat straw......... 1 ton 12.40 2.00 4.14 20.80 2.80 6.00 1 2 
Clover seed....... 1 bu. i bay fi 5 le 2 eh ee wae 28 Sh FS ted deals Sell 
Clover hay........| 1 ton 40.00 5.00 3.28 30.00 Viet Os, 29.25 1.00 
Soybeans seed..... 1 bu. 3.22 .39 BH, 1.26 115 .14 aS 
Soybean hay...... 1 ton 43.40 4.74 5.18 35.48 13.84 ZOO awe 
Alfalfa hay........ 1 ton 52.08 4.76 5.96 16.64 8.00 22.26 


1These data are brought together from various sources. Some allowance must be made for the exactness of the 
figures because samples representing the same kind of crop or the same kind of material frequently exhibit considerable 
variation. 


Table 5 shows the requirements of some of our most common field crops 
with respect to the seven plant-food elements furnished by the soil. The figures 
show the weight in pounds of the various elements contained in a bushel or in a 
ton, as the case may be. From these data the amount of any element removed 
from an acre of land by a crop of a given yield can easily be computed. 


PLANT-FOOD SUPPLY 


Of the ten elements of plant food, three (carbon, oxygen, and hydrogen) 
are secured from air and water, and seven from the soil. Nitrogen, one of these 
seven elements obtained from the soil by all plants, may also be secured from the 
air by the class of plants known as legumes, in case the amount liberated from 
the soil is insufficient ; but even these plants, which include only the clovers, peas, 
beans, and vetches among our common agricultural plants, are dependent upon 
the soil for the other six elements (phosphorus, potassium, magnesium, calcium,, 
iron, and sulfur), and they also utilize the soil nitrogen so far as it hecomee 
soluble and available during their period of growth. 

The vast difference with respect to the supply of these essential plant-food 
elements in different soils is well brought out in the data of the Illinois soil 
survey. For example, it has been found that the nitrogen in the surface 6% 
inches, which represents the plowed stratum, varies in amount from 180 pounds 
per acre to more than 35,000 pounds. In like manner the phosphorus content 
varies from about 420 to 4,900 pounds, and the potassium ranges from 1,530 
to about 58,000 pounds. Similar variations are found in all of the other essen- 
tial plant-food elements of the soil. 

With these facts in mind it is easy to understand how a deficiency of one 
of these elements of plant food may become a limiting factor of crop production. 
When an element becomes so reduced in quantity as to become a limiting factor 
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TABLE 6.—PLANT-Foop ELEMENTS IN MANuRE, RoucH FrEps, AND FERTILIZERS! 


Pounds of plant food per ton 


Mntenal of material 
Nitrogen Phosphorus Potassium 
Fresh farm ‘manure, <....; seeeeeesiis arenes aha 10 2 8 
OTN StOVER. Biles onckeo OL ee eee 16 2 17 
CRE BURGW 5. de son as Pokwoend a tudhjet once een te nate eae 12 2 21 
Wihea tStraw a:.cied- cs pon cacoae Seen oetts eee 10 2 18 
Clover WAY sca. 8 cecal: tre he hie eae ere ee 40 5 30 
Caw pea HAV ac: Mek reli oi yin eee ee 43 5 33 
PATER DAIS Ai. os thee Wiser Oe Oe ness Seater 50 4 24 
Sweet clover (water-free basis)?...............+. 80 8 28 
Ded DIOOd, sccm cal See ea I ee 280° | ne 
SOCHLUNIY TALE ALG onc de es shia eee ee eee ee 310. «* | ~ oR ne 
(AmmmoniurD, SUL ATC. «a6 uo ce ceteeee cele Mee eee 400 |.) | <6 
BAW. DOUG IMOAL) hs Cae ek bel clos sen Tee 80 180°) aero. 
Steamed Bone: meal. cso eacu:. orkccost rionduanetee erves 20 250. ear 
Raw rock phosphates:.c<i.<:s imme Aeeqn te soe reer 250 en 
Acid phosphite. 4 s.arde cs 2 atree info tote eae oe ell Re wr ataecte 125): | ag ere 
Potassium Chloridl 3.4 ysis were iw we sy hoc eee ee 850 
Potassium sulfate, 20) 2.c ces os cas sees cree det) ee eee 850 
FAITE 35, sons beac < at pease bbe as ho SA re acsz | ee | 200 
Wood ashes* ((unleached):;. £6. 22.5 tint ko en sie ve ee eee 10 100 


1See footnote to Table 5. 
27Young second year’s growth ready to plow under as green manure. 
3W ood ashes also contain about 1.000 pounds of lime (calcium carbonate) per ton. 


of production, then we must look for some outside source of supply. Table 6 
is presented for the purpose of furnishing information regarding the quantity 
of some of the more important plant-food elements contained in materials most 
commonly used as sources of supply. 


LIBERATION OF PLANT FOOD 


The chemical analysis of the soil gives the invoice of plant-food elements 
actually present in the soil strata sampled and analyzed, but the rate of libera- 
tion is governed by many factors, some of which may be controlled by the farmer, 
while others are largely beyond his control. Chief among the important con- 
trollable factors which influence the liberation of plant food are the choice of 
crops to be grown, the use of limestone, and the incorporation of organic matter. 
Tillage, especially plowing, also has a considerable effect in this connection. 

Feeding Power of Plants—Different species of plants exhibit a very great 
diversity in their ability to obtain plant food directly from the insoluble 
minerals of the soil. As a class, the legumes—especially such biennial and 
perennial legumes as red clover, sweet clover, and alfalfa—are endowed with 
unusual power to assimilate from mineral sources such elements as calcium 
and phosphorus, converting them into available forms for the crops that follow. 
For this reason it is especially advantageous to employ such legumes in connec- 
tion with the application of limestone and rock phosphate. Thru their growth 
and subsequent decay large quantities of the mineral elements are liberated for 
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the benefit of the cereal crops which follow in the rotation. Moreover, as an 
effect of the deep-rooting habit of these legumes, mineral plant-food elements 
are brought up and rendered available from the vast reservoirs of the lower 
subsoil. 

Effect of Limestone.—Limestone corrects the acidity of the soil and supplies 
calcium, thus encouraging the development not only of the nitrogen-gathering 
bacteria which live in the nodules on the roots of clover, cowpeas, and other 
legumes, but also the nitrifying bacteria, which have power to transform the 
unavailable organic nitrogen into available nitrate nitrogen. At the same time, 
the products of this decomposition have power to dissolve the minerals contained 
in the soil, such as potassium and magnesium compounds. 

Organic Matter and Biological Action—Organiec matter may be supplied 
thru animal manures, consisting of the excreta of animals and usually accom- 
panied by more or less stable litter; and by plant manures, including green- 
manure crops and cover crops plowed under, and also crop residues such as stalks, 
straw, and chaff. The rate of decay of organic matter depends largely upon its 
age, condition, and origin, and it may be hastened by tillage. The chemical 
analysis shows correctly the total organic carbon, which constitutes, as a rule, 
but: little more than half the organic matter; so that 20,000 pounds of organic 
carbon in the plowed soil of an acre corresponds to nearly 20 tons of organic 
matter. But this organic matter consists largely of the old organic residues that 
have accumulated during the past centuries because they were resistant to decay, 
and 2 tons of clover or cowpeas plowed under may have greater power to liberate 
plant-food materials than 20 tons of old, inactive organic matter. The history of 
the individual farm or field must be depended upon for information concerning 
recent additions of active organic matter, whether in applications of farm 
manure, in legume crops, or in sods of old pastures. 

The condition of the organic matter of the soil is indicated to some extent 
by the ratio of carbon to nitrogen. Fresh organic matter recently incorporated 
with the soil contains a very much higher proportion of carbon to nitrogen than 
do the old resistant organic residues of the soil. The proportion of carbon to 
nitrogen is higher in the surface soil than in the corresponding subsoil, and in 
general this ratio is wider in highly productive soils well charged with active 
organic matter than in very old, worn soils badly in need of active organic matter. 

The organic matter furnishes food for bacteria, and as it decays certain 
decomposition products are formed, including much carbonic acid, some nitrous 
acid, and various organic acids, and these acting upon the soil have the power to 
dissolve the essential mineral plant foods, thus furnishing available phosphates, 
nitrates, and other salts of potassium, magnesium, calcium, etc., for the use of 
the growing crop. ; 

Effect of Tillage —Tillage, or cultivation, also hastens the liberation of plant- 
food elements by permitting the air to enter the soil. It should be remembered, 
however, that tillage is wholly destructive, in that it adds nothing whatever to 
the soil, but always leaves it poorer, so far as plant-food materials are concerned. 
Tillage should be practiced so far as is necessary to prepare a suitable seed bed 
for root development and also for the purpose of killing weeds, but more than 
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this is unnecessary and unprofitable; and it is much better actually to enrich 
the soil by proper applications of limestone, organic matter, and other fertilizing 
materials, and thus promote soil conditions favorable for vigorous plant growth, 
than to depend upon excessive cultivation to accomplish the same object at the 
expense of the soil. 


PERMANENT SOIL IMPROVEMENT 


According to the kind of soil involved, any comprehensive plan contemplat- 
ing a permanent system of agriculture will need to take into account some of 
the following considerations. 


The Application of Limestone 


The Function of Limestone.—In considering the application of limestone 
to land it should be understood that this material functions in several different 
ways, and that a beneficial result may therefore be attributable to quite diverse 
causes. Limestone provides calcium, of which certain crops are strong feeders. 
It corrects acidity of the soil, thus making for some crops a much more favorable 
environment as well as establishing conditions absolutely required for some of 
the beneficial legume bacteria. It accelerates nitrification and nitrogen fixation. 
It promotes sanitation of the soil by inhibiting the growth of certain fungous 
diseases, such as corn-root rot. Experience indicates that it modifies either 
directly or indirectly the physical structure of fine-textured soils, frequently to 
their great improvement. Thus, working in one or more of these different wares 
limestone often becomes the key to the improvement of worn lands. 

Amounts to Apply.—Acid soils should be treated with limestone whenever 
such application is at all practicable. The initial application varies with the 
degree of acidity and will usually range from 2 to 6 tons an acre. The larger 
amounts will be needed on strongly acid soils, particularly on land being pre- 
pared for alfalfa. When sufficient limestone has been used to establish condi- 
tions favorable to the growth of legumes, no further applications are necessary 
until the acidity again develops to such an extent as to interfere with the best 
growth of these crops. This will ordinarily be at intervals of several years. In 
the case of an inadequate supply of magnesium in the soil, the occasional use 
of magnesian (dolomitic) limestone would serve to correct this deficiency. 
Otherwise, so far as present knowledge indicates, either form of limestone— 
high-calcium or magnesian—will be equally effective, depending upon the purity 
and fineness of the respective stones. eo ad . 

How to Ascertain the Need for Limestone.—One of the most reliable indi- 
cations as to whether a soil needs limestone is the character of the growth of 
certain legumes, particularly sweet clover and alfalfa. These crops do not thrive 
in acid soils. Their successful growth, therefore, indicates the lack of sufficient 
acidity in the soil to be harmful. In case of their failure to grow the soil should 
be tested for acidity as described below. A very valuable test for ascertaining 
the need of a soil for limestone is found in the potassium thiocyanate test for 
soil acidity. It is desirable to make the test for carbonates along with the acidity 
test. Limestone is calcium carbonate, while dolomite is the combined carbonates 
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of calcium and magnesium, The natural occurrence of these carbonates in the 
soil is sufficient assurance that no limestone is needed, and the acidity test will 
be negative. On lands which have been treated with limestone, however, the 
surface soil may give a positive test for carbonates, owing to the presence of un- 
decomposed pieces of limestone, and at the same time a positive test for acidity 
may be secured. Such a result means either that insufficient limestone has been 
added to neutralize the acidity, or that it has not been in the soil long enough 
to entirely correct the acidity. In making these tests, it is desirable to examine 
samples of soil from different depths, since carbonates may be present, even in 
abundance, below a surface stratum that is acid. Following are the directions 
for making the tests: 


The Potassium Thiocyanate Test for Acidity. This test is made with a 4-percent solu- 
tion of potassium thiocyanate in aleohol—4 grams of potassium thiocyanate in 100 cubie 
centimeters of 95-percent aleohol.t When a small quantity of soil shaken up in a test tube 
with this solution gives a red color the soil is acid and limestone should be applied. If the 
solution remains colorless the soil is not acid. An excess of water interferes with the reac- 
tion. The sample when tested, therefore, should be at least as dry as when the soil is in 
good tillable condition. For a prompt reaction the temperature of the soil and solution 
should be not lower than that of comfortable working conditions (60° to 75° Fahrenheit). 


The Hydrochloric Acid Test for Carbonates. Take a small representative sample of 
soil and pour upon it a few drops of hydrochloric (muriatic) acid, prepared by diluting the 
concentrated acid with an equal volume of water. The presence of limestone or some other 
carbonates will be shown by the appearance of gas bubbles within 2 or 8 minutes, producing 
foaming or effervescence, The absence of carbonates in a soil is not in itself evidence that 
the soil is acid or that limestone should be applied, but it indicates that the confirmatory 
potassium thiocyanate test should be carried out. 


The Nitrogen Problem 


Nitrogen presents the greatest practical soil problem in American agricul- 
ture. Four important reasons for this are: its increasing deficiency in most 
soils ; its cost when purchased on the open market; its removal in large amounts 
by crops; and its loss from soils thru leaching. Nitrogen usually costs from 
four to five times as much per pound as phosphorus. A 100-bushel crop of corn 
requires 150 pounds of nitrogen for its growth, but only 23 pounds of phos- 
phorus. The loss of nitrogen from soils may vary from a few pounds to over 
one hundred pounds per acre, depending upon the treatment of the soil, the 
distribution of rainfall, and the protection afforded by growing crops. 

An inexhaustible supply of nitrogen is present in the air. Above each acre 
of the earth’s surface there are about sixty-nine million pounds of atmospheric 
nitrogen. The nitrogen above one square mile weighs twenty million tons, an 
amount sufficient to supply the entire world for four or five decades. This large 
supply of nitrogen in the air is the one to which the world must eventually turn. 

There are two methods of collecting the inert nitrogen gas of the air and 
combining it into compounds that will furnish products for plant growth. These 
are the chemical and the biological fixation of the atmospheric nitrogen, Farm- 
ers have at their command one of these methods. By growing inoculated legumes, 
nitrogen may be obtained from the air, and by plowing under more than the 
roots of these legumes, nitrogen may be added to the soil. 


*Since undenatured alcohol is difficult to obtain, some of the denatured alcohols have 
been tested for making this solution. Completely denatured alcohol made over U. S. Form- 
. ulas No. 1 and No. 4, have been found satisfactory. Some commercial firms are also offering 
‘similar preparations which are satisfactory. 
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Inasmuch as legumes are worth growing for purposes other than the fixation 
of atmospheric nitrogen, a considerable portion of the nitrogen thus gained 
may be considered a by-product. Because of that fact, it is questionable whether 
the chemical fixation of nitrogen will ever be able to replace the simple method 
of obtaining atmospheric nitrogen by growing inoculated legumes in the pro- 
duction of our great grain and forage crops. 

It may well be kept in mind that the following amounts of nitrogen are 
required for the produce named: 


bushel of oats (grain and straw) requires 1 pound of nitrogen. 

bushel of corn (grain and stalks) requires 1144 pounds of nitrogen.- 

bushel of wheat (grain and straw) requires 2 pounds of nitrogen. 

ton of timothy contains 24 pounds of nitrogen. 

ton of clover contains 40 pounds of nitrogen. 

ton of cowpea hay contains 43 pounds of nitrogen. 

ton of alfalfa contains 50 pounds of nitrogen. 

ton of average manure contains 10 pounds of nitrogen. 

ton of young sweet clover, at about the stage of growth when it is plowed under as 
green manure, contains, on water-free basis, 80 pounds of nitrogen. 


fh eh fed ed ek ee 


The roots of clover contain about half as much nitrogen as the tops, and the 
roots of cowpeas contain about one-tenth as much as the tops. Soils of mod- 
erate productive power will furnish as much nitrogen to clover (and two or three 
times as much to cowpeas) as will be left in the roots and stubble. In grain 
crops, such as wheat, corn, and oats, about two-thirds of the nitrogen is con- 
tained in the grain and one-third in the straw or stalks. 


The Phosphorus Problem 

The element phosphorus is an indispensable constituent of every living cell. 
It is intimately connected with the life processes of both plants and animals, the 
nuclear material of the cells being especially rich in this element. 

The phosphorus content of the soil is dependent upon the origin of the soil. 
The removal of phosphorus by continuous cropping slowly reduces the amount 
of this element in the soil available for crop use, unless its addition is provided 
for by natural means, such as overflow, or by agricultural practices, such as the 
addition of phosphatic fertilizers and rotations in which deep-rooting, leguminous 
erops are frequently grown. 

It should be borne in mind in connection with the application of phosphate, 
or of any other fertilizing material, to the soil, that no benefit can result until 
the need for it has become a limiting factor in plant growth. For example, if 
there is already present in the soil sufficient available phosphorus to produce a 
forty-bushel crop, and the nitrogen supply or the moisture supply is sufficient 
for only forty bushels, or less, then extra phosphorus added to the soil cannot 
inerease the yield beyond this forty-bushel limit. 

There are several different materials containing phosphorus which are 
applied to land as fertilizer. The more important of these are bone meal, acid 
phosphate, natural raw rock phosphate, and basie slag. Obviously that carrier 
of phosphorus which gives the most economical returns, as considered from all 
standpoints, is the most suitable one to use. Altho this matter has been the 
subject of much discussion and investigation the question still remains unset- 
tled. Probably there is no single carrier of phosphorus that will prove to be 
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the most economical one to use under all circumstances because so much de- 
pends upon soil conditions, crops grown, length of haul, and market conditions. 

Bone meal, prepared from the bones of animals, appears on the market in 
_ two different forms, raw and steamed. Raw bone meal contains, besides the 
phosphorus, a considerable percentage of nitrogen which adds a useless expense 
if the material is purchased only for the sake of the phosphorus. As a source 
of phosphorus, steamed bone meal is preferable to raw bone meal. Steamed bone 
meal is prepared by extracting most of the nitrogenous and fatty matter from 
the bones, thus producing a more nearly pure form of calcium phosphate con- 
taining about 10 to 12 percent of the element phosphorus. 

Acid phosphate is produced by treating rock phosphate with sulfurie acid. 
The two ave mixed in about equal amounts; the product therefore contains 
about one-half as much phosphorus as the rock phosphate itself. Besides phos- 
phorus, acid phosphate also contains sulfur, which is likewise an element of 
plant food. The phosphorus in acid phosphate is more readily available for 
absorption by plants than that of raw rock phosphate. Acid phosphate of good 
quality should contain 6 percent or more of the element phosphorus. 

Rock phosphate, sometimes called floats, is a mineral substance found in 
vast deposits in certain regions. The phosphorus in this mineral exists chem- 
ically as tri-calcium phosphate and a good grade of the rock should contain 
121% percent, or more, of the element phosphorus. The rock should be ground 
to a powder, fine enough to pass thru a 100-mesh sieve, or even finer. 

The relative cheapness of raw rock phosphate, as compared with the treated 
or acidulated material, makes it possible to apply for equal money expenditure 
considerably more phosphorus per acre in this form than in the form of acid 
phosphate, the ratio being, under the market conditions of the past several years, 
about 4 to 1. That is to say, under these market conditions, a dollar will pur- 
chase about four times as much of the element phosphorus in the form or rock 
phosphate as in the form of acid phosphate, which is an important consideration 
if one is interested in building up a phosphorus reserve in the soil. As explained 
above, more very carefully conducted comparisons on various soil types under 
various cropping systems are needed before definite statements can be given as 
to which form of phosphate is most economical to use under any given set of 
conditions. 

Basic slag, known also as Thomas phosphate, is another carrier of phos- 
phorus that might be mentioned because of its considerable usage in Europe 
and eastern United States. Basic slag phosphate is a by-product in the manu- 
facture of steel. It contains a considerable proportion of basic material and 
therefore it tends to influence the soil reaction. 

Rock phosphate may be applied at any time during a rotation, but it is 
applied to the best advantage either preceding a crop of clover, which plant 
seems to possess an unusual power for assimilating the phosphorus from raw 
phosphate, or else at a time when it can be plowed under with some form of 
‘organic matter such as animal manure or green manure, the decay of which 
serves to liberate the phosphorus from its insoluble condition in the rock. It is 
important that the finely ground rock phosphate be intimately mixed with the 
organic material as it is plowed under. 
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In using acid phosphate or bone meal in a cropping system which includes 
wheat, it is a common practice to apply the material in the preparation of the 
wheat ground. It may be advantageous, however, to divide the total amount 
to be used and apply a portion to the other crops of the rotation, particularly- 
to corn and to clover. 


The Potassium Problem 


Our most common soils, which are silt loams and clay loams, are well stocked 
with potassium, altho it exists largely in a slowly soluble form. Such soils as 
sands and peats, however, are likely to be low in this element. On such soils 
this deficiency may be remedied by the application of some potassium salt, such 
as potassium sulfate, potassium chlorid, kainit, or other potassium compound, 
and in many instances this is done at great profit. 

From all the facts at hand it seems, so far as our great areas of common 
soils are concerned, that, with a few exceptions, the potassium problem is not 
one of addition but of liberation. The Rothamsted records, which represent the 
oldest soil experiment fields in the world, show that for many years other 
soluble salts have had practically the same power as potassium salts to increase 
crop yields in the absence of sufficient decaying organic matter. Whether this 
action relates to supplying or liberating potassium for its own sake, or to the 
power of the soluble salt to increase the availability of phosphorus or other 
elements, is not known, but where much potassium is removed, as in the entire 
crops at Rothamsted, with no return of organic residues, probably the soluble 
salt functions in both ways. 

Further evidence on this matter is furnished by the Illinois experiment 
field at Fairfield, where potassium sulfate has been compared with kainit both 
with and without the addition of organic matter in the form of stable manure. 
Both sulfate and kainit produced a substantial increase in the yield of corn, 
but the cheaper salt—kainit—was just as effective as the potassium sulfate, and 
returned some financial profit. Manure alone gave an increase similar to that 
produced by the potassium salts, but the salts added to the manure gave very 
little increase over that produced by the manure alone. This is explained in 
part, perhaps, by the fact that the potassium removed in the crops is mostly 
returned in manure properly cared for, and perhaps in larger part by the fact 
that decaying organic matter helps to liberate and hold in solution other plant- 
food elements, especially phosphorus. 

In laboratory experiments at the Illinois Experiment Station, it has been 
shown that potassium salts and most other soluble salts increase the solubility of 
the phosphorus in soil and in rock phosphate; also that the addition of glucose 
with rock phosphate in pot-culture experiments increases the availability of the 
phosphorus, as measured by plant growth, altho the glucose consists only of car- 
bon, hydrogen, and oxygen, and thus contains no limiting element of plant food. 

In considering the conservation of potassium on the farm it should be re- 
membered that in average live-stock farming the animals destroy two-thirds of 
the organic matter and retain one-fourth of the nitrogen and phosphorus from 
the food they consume, but that they retain less than one-tenth of the potassium ; 
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so that the actual loss of potassium in the products sold from the farm, either 
in grain farming or in livestock farming, is negligible on land containing 25,000 
pounds or more of potassium in the surface 62% inches. 


The Calcium and Magnesium Problem 

When measured by crop removals of the plant-food elements, calcium is 
often more limited in Illinois soils than is potassium, while magnesium may be 
occasionally. In the case of calcium, however, the deficiency is likely to develop 
more rapidly and become much more marked because this element is leached 
out of the soil in drainage water to a far greater extent than is either magnesium 
or potassium. 

The annual loss of limestone from the soil depends, of course, upon a num- 
ber of factors aside from those which have to do with climatic conditions. 
Among these factors may be mentioned the character of the soil, the kind of 
limestone, its condition of fineness, the amount present, and the sort of farming 
practiced. Because of this variation in the loss of lime materials from the soil, 
it is impossible to prescribe a fixed practice in their renewal that will apply uni- 
versally. The tests for acidity and carbonates described above, together with the 
behavior of such lime-loving legumes as alfalfa and sweet clover, will serve as 
general indicators for the frequency of applying limestone and the amount to 
use on a given field. 

Limestone has a positive value on some soils for the plant food which it 
supplies, in addition to its value in correcting soil acidity and in improving the 
physical condition of the soil. Ordinary limestone (abundant in the southern 
and western parts of the state) contains nearly 800 pounds of calcium per ton; 
while a good grade of dolomitic limestone (the more common limestone of north- 
ern Illinois) contains about 400 pounds of calcium and 300 pounds of magnesium 
per ton. Both of these elements are furnished in readily available form in 
ground dolomitie limestone. 


The Sulfur Question 
' In considering the relation of sulfur in a permanent system of soil fertility 
it is important to understand something of the cycle of transformations that this 
element undergoes in nature. Briefly stated this is as follows: 

Sulfur exists in the soil in both organic and inorganic forms, the former 
being gradually converted to the latter form thru bacterial action. In this 
inorganic form sulfur is taken up by plants which in their physiological pro- 

cesses change it once more into an organic form as a constituent of protein. 
When these plant proteins are consumed by animals, the sulfur becomes a part 
of the animal protein. When these plant and animal proteins are decomposed, 
either thru bacterial action, or thru combustion, as in the burning of coal, the 
sulfur passes into the atmosphere or into the soil solution in the form of sulfur 
dioxid gas. This gas unites with oxygen and water to form sulfuric acid, which 
is readily washed back into the soil by the rain, thus completing the cycle, from 
soil—to plants and animals—to air—to soil. 

In this way sulfur becomes largely a self-renewing element of the soil, altho 
there is a considerable loss from the soil by leaching. Observations taken at the 
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Illinois Agricultural Experiment Station show that 40 pounds of sulfur per 
acre are brought into the soil thru the annual rainfall. With a fair stock of 
sulfur, such as exists in our common types of soil, and with an annual return, 
which of itself would more than suffice for the needs of maximum erops, the: 
maintenance of an adequate sulfur supply presents little reason at present for 
serious concern. There are regions, however, where the natural stock of sulfur 
in the soil is not nearly so high and where the amount returned thru rainfall is 
small. Under such cireumstances sulfur soon becomes a limiting element of 
crop production, and it will be necessary sooner or later to introduce this sub- 
stance from some outside source. Investigation is now under way to determine 
to what extent this situation may apply under Illinois conditions. 


Physical Improvement of Soils 


In the management of most soil types, one very important matter, aside from 
proper fertilization, tillage, and drainage, is to keep the soil in good physical 
condition, or good tilth. The constituent most important for this purpose is 
organic matter. Organic matter in producing good tilth helps to control wash- 
ing of soil on rolling land, raises the temperature of drained soil, increases the 
moisture-holding capacity of the soil, slightly retards capillary rise and conse- 
quently loss of moisture by surface evaporation, and helps to overcome the 
tendency of some soils to run together badly. 

The physical effect of organic matter is to produce a granulation or mellow- 
ness, by cementing the fine soil particles into crumbs or grains about as large 
as grains of sand, which produces a condition very favorable for tillage, percola- 
tion of rainfall, and the development of plant roots. 

Organic matter is undergoing destruction during a large part of the year 
and the nitrates produced in its decomposition are used for plant growth. Altho 
this decomposition is necessary, it nevertheless reduces the amount of organic 
matter, and provision must therefore be made for maintaining the supply. The 
practical way to do this is to turn under the farm manure, straw, cornstalks, 
weeds, and all or part of the legumes produced on the farm. The amount of 
legumes needed depends upon the character of the soil. There are farms, espe- 
cially grain farms, in nearly every community where all legumes could be turned 
under for several years to good advantage. 

Manure should be spread upon the land as soon as possible after it is pro- 
duced, for if it is allowed to lie in the barnyard several months as is so often 
the case, from one-third to two-thirds of the organic matter will be lost. 

Straw and cornstalks should be turned under, and not burned. There is 
considerable evidence indicating that on some soils undecomposed straw applied 
in excessive amount may be detrimental. Probably the best practice is to apply 
the straw as a constituent of well-rotted stable manure. Perhaps no form of 
organic matter acts more beneficially in producing good tilth than cornstalks. It 
is true, they decay rather slowly, but it is also true that their durability in the 
soil is exactly what is needed in the production of good tilth. Furthermore, 
the nitrogen in a ton of cornstalks is one and one-half times that of a ton of 
manure, and a ton of dry cornstalks incorporated in the soil will ultimately. 
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furnish as much humus as four tons of average farm manure. When burned, 
however, both the humus-making material and the nitrogen are lost to the soil. 

It is a common practice in the corn belt to pasture the cornstalks during 
the winter and often rather late in the spring after the frost is out of the ground. 
This trampling by stock sometimes puts the soil in bad condition for working. 
It becomes partially puddled and will be cloddy as a result. If tramped too 
late in the spring, the natural agencies of freezing and thawing and wetting 
and drying, with the aid of ordinary tillage, fail to produce good tilth before 
the crop is planted. Whether the crop is corn or oats, it necessarily suffers, and 
if the season is dry, much damage may be done. If the field is put in corn, a 
poor stand is likely to result, and if put in oats, the soil is so compact as to be 
unfavorable for their growth. Sometimes the soil is worked when too wet. This 
also produces a partial puddling which is unfavorable to physical, chemical, and 
biological processes. The effect becomes worse if cropping has reduced the 
organic matter below the amount necessary to maintain good tilth. 


Systems of Crop Rotations 


In a program of permanent soil improvement one should adopt at the outset 
a good rotation of crops, including, for the reasons discussed above, a liberal 
use of legumes. No one can say in advance for every particular case what will 
prove to be the best rotation of crops, because of variation in farms and farmers 
and in prices for produce. 

Following are a few suggested rotations which may serve as models or 
outlines to be modified according to special circumstances. 


Six-Year Rotations 

First year —Corn 

Second year —Corn 

Third year —Wheat or oats (with clover, or clover and grass) 

Fourth year —Clover, or clover and grass 

Fifth year —Wheat (with clover), or grass and clover 

Sixth year —Clover, or clover and grass 

Of course there should be as many fields as there are years in the rotation. 
In grain farming, with small grain grown the third and fifth years, most of the 
unsalable products should be returned to the soil, and the clover may be clipped 
and left on the land or returned after threshing out the seed (only the clover 
seed being sold the fourth and sixth years) ; or, in livestock farming, the field 
may be used three years for timothy and clover pasture and meadow if desired. 
The system may be reduced to a five-year rotation by cutting out either the sec- 
ond or the sixth year, and to a four-year system by omitting the fifth and sixth 
years, as indicated below. 


Five-Year Rotations 


First year —Corn 
_ Second year —Wheat or oats (with clover, or clover and grass) 
Third year -—Clover, or clover and grass 
Fourth year —Wheat (with clover), or clover and grass 
Fifth year —Clover, or clover and grass 
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First year —Corn 

Second year —Corn 

Third year —Wheat or oats (with clover, or clover and grass) 
Fourth year —Clover, or clover and grass 

Fifth year —Wheat (with clover) 


First year —Corn 

Second year —Cowpeas or soybeans 

Third year —Wheat (with clover) 

Fourth year —Clover 

Fifth year —Wheat (with clover) 

The last rotation mentioned above allows legumes to be grown four times. 
Alfalfa may be grown on a sixth field for five or six years in the combination 
rotation, alternating between two fields every five years, or rotating over all the 


fields if moved every six years. 


Four-Year Rotations 


First year —Corn First year —Corn 

Second year —Wheat or oats (with clover) Second year —Corn 

Third year —Clover Third year —Wheat or oats (with clover) 
Fourth year —Wheat (with clover) Fowrth year —Clover 

First year —Corn First year —Wheat or oats (with clover) 
Second year —Cowpeas or soybeans Second year —Clover 

Third year —Wheat (with clover) Third year —Corn 

Fourth year —Clover Fourth year —Oats (with clover) 


Alfalfa may be grown on a fifth field for four or eight years, which is to 
be alternated with one of the four; or the alfalfa may be moved every five years, 
and thus rotated over all five fields every twenty-five years. 


Three-Year Rotations 


First year —Corn First year —Wheat or oats (with clover) 
Second year —Oats or wheat (with clover) Second year —Corn 
Third year —Clover Third year —Cowpeas or soybeans 


By allowing the clover, in the last rotation mentioned, to grow in the spring 
before preparing the land for corn, we have provided a system in which legumes 
grow on every acre every year. This is likewise true of the following suggested 
two-year system : 


Two-Year Rotations 
First year -—Oats or wheat (with sweet clover) 
Second year —Corn 
Altho in this two-year rotation either oats or wheat is suggested, as a matter 
of fact, by dividing the land devoted to small grain, both of these crops can be 
grown simultaneously, thus providing a three-crop system in a two-year cycle. 
It should be understood that in all of the above suggested cropping systems 
it may be desirable in some cases to substitute rye for the wheat or oats. Or, in 
some cases, it may become desirable to divide the acreage of small grain and 
erow in the same year more than one kind. In all of these proposed rotations 
the word clover is used in a general sense to designate either red clover, alsike 
clover, or sweet clover. The value of sweet clover, especially as a green manure 
for building up depleted soils, as well as a pasture and hay-crop, is becoming 
thoroly established, and its importance in a crop-rotation program’ may well 
be emphasized. : 


SUPPLEMENT: EXPERIMENT FIELD DATA 


(Results from Experiment Fields on Soil Types Similar to those Occurring in 
Randolph County) 


The University of Illinois has operated altogether about fifty soil experi- 
ment fields in different sections of the state and on various types of soil. Altho 
some of these fields have been discontinued, the large majority are still in 
operation. It is the present purpose to report the summarized results from 
certain of these fields located on types of soil described in the accompanying 
soil report. 

A few general explanations at this point, which apply to all the fields, will 
relieve the necessity of numerous repetitions in the following pages. 


Size and Arrangement of Fields 


The soil experiment fields vary in size from less than two acres up to 40 acres 
or more. They are laid off into series of plots, the plots commonly being either 
one-fifth or one-tenth acre in area. Each series is occupied by one kind of crop. 
Usually there are several series so that a crop rotation can be carried on with 
every crop represented every year. 


Farming Systems 


On many of the fields the treatment provides for two distinct systems of 
farming, livestock farming and grain farming. 


In the livestock system, stable manure is used to furnish organic matter 
and nitrogen. The amount applied to a plot is based upon the amount that can 
be produced from crops raised on that plot. 


In the grain system no animal manure is used. The organic matter and 
nitrogen are applied in the form of plant manures, including the plant residues 
produced, such as corn stalks, straw from wheat, oats, clover, ete., along with 
- leguminous catch crops plowed under. It is the plan in this latter system to 
remove from the land, in the main, only the grain and seed produced, except in 
the case of alfalfa, that crop being harvested for hay the same as in the livestock . 
system. : 


Crop Rotations 


Crops which are of interest in the respective localities are grown in definite 
rotations. The most common rotation used is wheat, corn, oats, and clover ; 
and often these crops are accompanied by alfalfa growing on a fifth series. In 
the grain system a legume catch crop, usually sweet clover, in included, which 
is seeded on the young wheat in the spring and plowed under in the fall or in 
the following spring in preparation for corn. If the red clover crop fails, soy- 
beans are substituted. 

43 


44 Som Report No. 32: SUPPLEMENT [December, 


Soil Treatment 

The treatment applied to the plots has, for the most part, been standard- 
ized according to a rather definite system, altho deviations from this system 
oceur now and then, particularly in the older fields. 

Following is a brief explanation of this standard system of treatment. 

Animal manures——Animal manures, consisting of exereta from animals, 
with stable litter, are spread upon the respective plots in amounts proportionate 
to previous crop yields, the applications being made in the preparation for corn. 

Plant Manures.—Crop residues produced on the land, such as stalks, straw, 
and chaff, are returned to the soil, and in addition a green-manure erop of sweet 
clover is seeded in small grains to be plowed under in preparation for corn. (On 
plots where limestone is lacking the sweet clover seldom survives.) This practice 
is designated as the residues system. 

Mineral Manures——The yearly acre-rates of application have been: for 
limestone, 1,000 pounds; for raw rock phosphate, 500 pounds; and for potas- 
sium, usually 200 pounds of kainit. When kainit was not available, owing to 
conditions brought on by the World war, potassium carbonate was used. _ The 
initial application of limestone has usually been 4 tons per acre. 


Explanation of Symbols Used 


0 = Untreated land or check plots 

M = Manure (animal) - 

R = Residues (from crops, and includes legumes used as green manure) 

L = Limestone 

P = Phosphorus, in the form of rock phosphate unless otherwise designated 
(aP — acid phosphate, bP — bonemeal, rP —rock phosphate, sP = slag 
phosphate) 

K = Potassium (usually in the form of kainit) 

N =—Nitrogen (usually in the form contained in dried tongs 

Le= Legume used as green manure 

Cv= Cover crop 

()— Parentheses enclosing figures signify tons of hay, as distinguished from 
bushels of seed 


In discussions of this sort of data, financial profits or losses based upon 
assigned market values are frequently considered. However, in view of the 
erratic fluctuations in market values—especially in the past few years—it seems 
futile to attempt to set any prices for this purpose that are at all satisfactory. 
The yields are therefore presented with the thought that with these figures at 
hand the financial returns from a given practice can readily be computed upon 
the basis of any set of market values that the reader may choose to apply. 


THE SPARTA FIELD 
A University soils experiment field is located in Randolph county imme- 
diately north of Sparta. This field has been in operation since 1916. It com- 
prizes 20 acres of light-colored, loessial soils characteristic of the region. The 
county map indicates the presence of two soil types—Light Gray Silt Loam 
On Tight Clay and Yellow-Gray Silt Loam. However, with accumulating ex- 
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2 Light Gray Silt Loam On Tight Clay Yellow -Gray Silt Loam On Tight Clay 
Yellow-Gray Silt Loam Deep Gray Silt Loam 


Fig. 2.—DIAGRAM OF SPARTA FIELD - 


This diagram shows the five separate systems of plots maintained on this field, the soil 
treatments applied, the location of the different soil types, and, by means of contour lines, 
the natural drainage of the field. 


Contour interval - 1 foot 


perience in the soil survey, certain characteristics have come to attention which 
formerly were not recognized and which, in some instances, call for reclassifica- 
tion of types. Thus it happens that a closer examination of this field reveals the 
presence of small areas of two additional soil types—Yellow-Gray Silt Loam 
On Tight Clay and Deep Gray Silt Loam. The distribution of these soil types, 
as well as the arrangement of plots, is charted on the accompanying diagram 
(Fig. 2). The topography of the land is also indicated on the diagram by con- 
tour lines. 

The field is laid out into five separate systems of plots, each system with 
its own program of crop rotation. 


The 100, 200, 300, and 400 Series 


The four series of plots designated as 100, 200, 300, and 400, with the ex- 
ception of parts of two plots, all lie on the soil type mapped as Light Gray 
Silt Loam On Tight Clay. They are under a crop rotation of corn, soybeans, 
wheat, and clover (chiefly sweet clover). Until 1921 it was the practice to seed 
cowpeas as a cover crop in the corn on the residues plots. The soil treatments 
are as indicated in the accompanying diagram and tables, and they have been 
_ applied in the manner previously described, with the exception that the initial 
application of limestone was 5 tons an acre and in 1922 the periodic application 
of this material was discontinued until its further need should become apparent. 
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TasuE 7.—SPARTA FIELD: Ssriss 100, 200, 300, 400 
Annual Crop Yields—Bushels or (tons) per acre 


1921 1923 0iks 1925 
Plot |Soil treatment} 1916 | 18!” | 1918 | 128 | 1920 1922 1924 . 
N tied | | Corns | 89% | wheats | 2° | Gorm | ©°% ‘| wheat [oeet Meme oe 
= ga sg beans‘ beans‘ beans clover beans 
TOT Ossewratecren + 14.8 | ( .99) 7.3" |) C1688) 8.6 5.5 11,2 0.00 220. |''( i 
TOOL | Maeiaate rs: 18.2 | (1.05) 7) NLC wae) pdes6 5.8 8.5 0.00 5S pti. .79 
LOB BID oe ox rand 16.8 | Guess) | 12-3- | G88) {21.6 117 15.7 .50 vere a CG Rd) 
104 | MLIrP...... 19.8 | Cee 263° [assay fy ats 10.5 15.8 .41 17.2 | (1.85). 
ROB Dace dense ius 13.8 5.8 27 (8) 11.0 4.7 4.2 0.00 7B }( ..65) 
LOG. NOH ven hae 16.6 9.2 5.2 () 13.8 6.0 4.2 | 6.0G, -9. | ( .88) 
LOT D RUD logs et 21.2 9.8 18-2 (5) 11.4 10.8 13.7 .41 27.8. W( 1:61) 
108 | RLrP 20.0 9.5 13.0 (5) 8.6 9.5 12.0 22 27.8 | (1.74) 
109 | RLrPK..... 18.46 11.3 16.7 .. 3) 20.6 10.0 16.0 .44 32.0 | (1.85) 
Ve es edeemeaee, ree ee te de Moan Va Gp). 4.69 47°C 676) 9.4 5.5 3.5 0.00 1.2 | (1.07) 
Soy- Soy- Soy- Sweet 
eauigh Corn Waane Wheat | Clover Corn pan Wheat olsuks Corn 
OF Gis teste Shc (1-87). h O82OM et 5bR) 2.8 | (0.00) | 34.2 3.5 9.7. mOvO0) | 4 36)8 
Cal RO ee eee (1.16) | -31.4 | ( .80) 3.2 | (0.00) | 30.6 5.0 4.2 0.00 39.2 
203) My Fee (1.41) | 49.4 | (1.15) | 20.2 | (1.66) | 42.0 8.3 14.0 50 53.6 
204 | MIrP...... (1.60) | 49.4 | (1.05) | 20.0 | (1.73) | 41.8 8.3 13.8 bay | .062.0 
PUB MIO S. Piet 7.7 28.2 7.0 27 0.00 728 3.3 2.2 0.00 19.2 
SOMRUARY totic coat ce 7.2 36.0 6.3 2.8 0.00 28.2 2.7 2.0 | 0.00 23.0 
oil Mss PER eer 10.3 35.0 9.7 20.0 1.50 22.4 8.3 10.0 Big 48.8 
208 | RLrP 8.8 39.0 11.0 22.5 1.87 2212 8.5 Tey Bi, 51.4 
209 | RLrPK..... 9.7 47.0 9.3 21.0 1.69 23.8 8.7 17.8 Ae 66.0 
210 | 0 ( .96) | 28.0 | ( .55) 2.8 | (0.00) B55 3.2 3.7 | 0.00 17.0 
Wheat? wey= Corn Soy- Wheat exeee Corn |. ale Wheat Sweet 
beans* beans clover beans clover 
BOLI MOrcaceoaae 6.3) | € 278) 1,00 || CL -12)4| 108-8 eta 0500 19.4 9.3 a 0.00 
302 | _M.. 627," |'aG286) 3.2 | (1.40) | 20.5 0.00 23.8 12.0 2.0 0.00 
AOR MENT Lees see 0 1's 10) 5.0 | (2.00) | 27.2 1.00 33.0 25.7 2.8 3.18 
304 | MLrP...... $22) | 6568) 4.4 52.102) | 276 1.33 31.8 | 24.5 3.5 1.98 
BOB) OMe mai’. eos 18 3.3 4 . (8) 8.8 | 0.00 6.4 3.5 = 000 
SOBA EY Asa eaattis oe 327, 4.7 4 6) 9.7 | 0.00 11.2 a3 .5 0.00 
BO Tel SRL a ettcidsce 8.8 yes 2 . (6) 20.8 .83 19.8 22H 6.5 2.27 
308 | RLrP....... 9.2 9.7 2 .-@) 221.2 .83 19.2 25.7 5.7 2.83 
309 | RLrPK..... 11.0 8.3 2 () 26.7 1.00 19.8 | ator ee 4.50 
BLOM On eee 5.0 | ( .66) AGA 2) 5.2 0.00 8.4 5.0 5 0.00 


sl Wheat4 | Clovert | Corn EAE Wheat Rede Corn Bar- Wheat 

beans? beans clover |- beans 
AUN Olge era cyennw pears ( .48) 10.5 (0.00) 5.4 ( .48) 6.7 0.00 15.0 2.0 3.0 
AO Da AVE yaad isvchoin's (Gncys) 15.0 (0.00) 4.6 ( .62) 9.2 0.00 28.0 4.7 6.7 
B08 seWULs. oh aw cas (a3) 24.2 (1.15) 3.0 { .88) 19.0 2.83 42.8 14.3 20.7 
404 | MLrP...... ( .80) 2722 (1.55) 4.4 (1.00)) | 17.8 3.00 44,2 14.8 25.7 
AOR. | OG. Sepite ss 5.2 18.8 0.00 9.0 6.7 12.5 ‘0.00 23.0 4.5 7.8 
AOS NOG srexcvsharve ars 6.3 17.2 0.00 9.8 6.2 11.2 0.00 23.8 4.5 8.3 
GOT NER ne oe.5 38 8.0 23.5 2.92 10.6 11.3 17.5 2.17 34.0 11.5 24.7 
AOS) RTP oc sels 6.0 25.3 2.75 10.2 12.8 19.2 3.00 32.4 11.8 26.5 — 
409 | RLrPK..... 6:5 23.5 3.67 14.6 14.8 17.2 3.00 39.2 14.8 22.2 
STORE OS Saar te. ( .61) 16.2 (0.00) 9.6 5.2 11.0 0.00 25.8 2.0 5.8 


The heavier rules mark the beginning of full soil treatment. 


1Lime and phosphorus only. 2No residues or manure. - *No residues, manure, or potassium. No manure. 


5Harvested for seed but destroyed by continuous rain. ra 
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TasLE 8.—SPARTA FIELD, Series 100, 200, 300, anp 400: Summary or Crop Yreips 
Average Annual Yields—Bushels or (tons) per acre 


Serial Soil treatment Corn Soybeans Wheat | Clover | Sweet clover 
Plot applied Hay Seed seed 
No. 9 crops | 4crops | 4 crops | 7 crops | 1 crop 5 crops 

MA tte ce. <0 ooo Sea 15.6 (Cals) 5.1 5.4 (0.00) 0.00 
2 Lk See oe See 19.4 ( .90) 6.9° (ORE (0.00) 0.00 
fod) MOR | 29.8 (1.44) 15.0 iat (1.66) 1.60 
io hi OS 30.8 (1.48) 14.5 ied (1.73) 1.38 
1 crop | 6 crops 
OD ko. 6 iA 13.4 (.65) 5.0 5.5 0.00 0.00 
SE  e 16.3 | ( .88) 5.7 5.5 | 0.00 0.00 
7 USC. v5.60) Ae 23.3 (1.51) 12.4 16.2 1.50 1.17 
8 Lib clea 23.4 (1.74) 13.2 1g fe 1.87 1.43 
9 [ML oe 29.2 (1.85) 13.2 18.3 1.69 1.86 
8 crops | 5 crops 
PRM ye case. esi LA AD 0iK68).40 54,2 4.6 | (0.00) 0.00 


Table 7 records the yields of all crops grown on these series, and in Table 8 
is a summary of the results showing the average annual yields for the different 
kinds of crops, including the years that the complete soil treatments have been 
in effect. 

The low yields on the untreated plots testify to the natural poverty of this 
soil, altho this particular piece of land, on account of its favorable location with 
respect to drainage, is rather more productive than the general run of the type 
that it represents. 

Neither manure nor residues, used alone, has much effect toward crop im- 
provement. A sharp increase, however, follows the application of limestone 
used with either manure or residues. Without limestone, clover refuses to grow; 
with limestone, fair crops of clover have been obtained. Rock phosphate has 
produced no significant effect, whether used with manure or with residues. 

Potassium seems to have been of some benefit to the corn but not to the 


Fic. 3.—CorNER OF THE SPARTA EXPERIMENT FIELD 


A field of 20 acres representative of land gm the vicinity is devoted to experiments de- 
signed to find ways and means of building up the fertility of the soil. 
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other crops. It is questionable, however, whether the increase in corn yield 
would cover the cost of material as it was used in these experiments. It is pos- 
sible that smaller quantities applied direct to the corn crop would prove a more 
economical way to use potassium fertilizer on this soil. 


The 500, 600, 700, and 800 Series 

The 500, 600, 700, and 800 series constitute another system of plots, under 
another program of cropping. The yields of all crops harvested on these plots 
are recorded in Table 9. These yields are not summarized, for the reason that 
the changes in the cropping system, together with the natural soil variations of 
these plots (see Fig. 2), have complicated conditions so that comparisons of 
averages at this time would scarcely have significance. The records of these plots, 
however, do contain some matters of practical interest that are worthy of at- 
tention. 

The cropping program on these plots for several years included potatoes, 
wheat, and clover, rotating on three of the series, while alfalfa occupied the 
fourth series. In 1921 the rotation was changed to wheat, oats, sweet clover, 
and potatoes, with sweet clover seeded as a catch crop in the wheat. In 1924 


TaBLE 9.—SPARTA FIELD: Srrrises 500, 600, 700, 800 
Annual Crop Yields—Bushels or (tons) per acre 


Plot | Soil treatment | °° pert | 1918 | 1919 | 5°20 | 1021 | 1922 | 928 | 92a a 
No. applied Nall, BERS Wheat | Clover vice Wheat | Oats olowes Corn hay 
PO iON ars eterae’ & ates (1.28) | 25.5 12.8 | (0.00) | 30.2 25.0 (1.13) 
DNS: s\'sDire a eine at ees (1.20) } 35.0 17.2 | (0.00) | 46.2 37.2 (1.27) 
603" |, Mgt Sce ste (1.28) ]| 34.0 21.3 | (1.22)] 64.8 52.8 (2.03) 
Or a We (1.22) | 33.5 23.5 | (1.68) | 21.7 38.2 (2.26) 
505 | MLrPK...... (1.20) ] 23.3 23.5 | (1.91) 0.0 25.4 (2.82) 
DOG Vi Oy ee stets «aie (1.07) 12.2 14.3 | (0.00) 0.0 . 3.0 (1.87) 
Alfalfa?) Alfalfa?| Alfalfa] Alfalfa? Stubble|Cowpea| Timothy- 
hay {Clover hay 
APE EW oars oreo apron one ( .49) | (1.54) | (1.03) | (1.56) (1.09) ( .43) 
B02 Moire scalars sere} crease wer ( .58) | (1.80) | (1.10) | (1.70) (1.54) ( .86) 
COR), ME Ves an ccninieentee (3.23) | (4.32) | (2.18) | (3.10) (1.99) (1.67) 
OE). DIESE: 5. 5 daetlonucesm (3.25) | (3.67) | (2.00) | (2.40) (1.74) (1.76) 
GO0G<|) Mig. . o> ce om eeee (1.72) | (2.96) | (1.27) | (.0) (1.45) (1.50) 
an UPS ree ees ers ee (0.00) | (0.00) | (0.00) | (0.00) ( .41) ( .26) 
Wheat! snd lastest Wheat | Clover humeske Wheat 
beans? | toes clover 


The heavier rules mark the beginning of full soil treatment; the double rule indicates a ghanweray the cropping 
system. ; 


1L,ime and phosphorus only. *No manure. 
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another change was made whereby a rotation of corn, cowpeas, clover-timothy 
mixture, and wheat with sweet clover catch crop, was adopted. 

It is of interest to observe that in the four years of the test on the 600 
series, very fair crops of alfalfa were produced where limestone was applied, 
altho it is to be noted that, with its somewhat rolling topography, this piece of 
land is favorably situated for alfalfa. 

Another point brought out by these data is that this land is not adapted 
to potato growing. In the seven years’ experience only poor yields were ob- 
tained even on the best treated plots. 


Taste 10.—SPARTA FIELD: Puors A, B, C, D 
Annual Crop Yields—Bushels or (tons) per acre 


sot | Soil treatment i. 1917 | 1918 1919 1920 1921 1922 | 1923 | 1924 | 1925 
EB applied seeding!| Alfalfa!| Alfalfa! Alfalfat Alfalfat Soybeans! Wheat| Oats | Corn | Wheat 
cA. |. ETDS Farinis iets bis o ee (2.72) | (3,12) ( .94) (727) 13.7 18.9 | 27.6 | 23.8 | 21.2 
cA, | Mr Rohavigeeiites s,s © (0.00) | (0.00) (0.00) (0.00) 4.0 13.2-| 5.3 -5 | 14.5 
Seager | Srreet Wheat Winter |Stubble) syeet clover |Alfalfa|Alfalfa|Alfalfa| Corn 
oats! | clover! oats | clover 
B MLIrPK..... 5.0 2.4 |} (1.50) i Wy dg By 28. 11. 12) 1.57 (2.89)|(3.45)|(2.61)| 58.7 
B MrPK.. 5.5 2.5 | (0.00) 10.3 38.8 | (0.00) .33 (1.20)|(1.62)|(1.45)| 38.2 
Bey: Wheat py eaten Sweet clover Wheat Si cater | Séanble| Sweet Wheat| Alfalfa] Alfalfa 
beans! oats? oats | clover | clover 
Cc MILrPEK ..5<. 5.3 Bano ||. wens (1.58) 24.7 53.1 |( .73) | 3.30 | 25.5 |(2.97)] (3.07) 
Cc MrPK: ern 5.7 8 as ae (0.00) 12.2 29.4 | (0.00) .97 9.5 |(2.13)] (1.66) 
i Sweet 
Oats! Binet Wheat Winter | Stubble Sweet clover Wheat Oats ace Wheat! Alfalfa 
clover! oats | clover clover 
D MirPK. 3... £5,2° | (1.21) 22.4 39.5 | (1.58) . 67 23.8 6.9 -68 | 16.8 | (2.50) 
NY |) MrP Ky eace= 25.0 | (0.00) | 18.2 | 36.2 | (0.00) 0.00 15.5 4.7 nGo [waee2) CL 72) 


The heavier rules mark the beginning of full soil treatment. 
1No manure. 2Crop failure. 


Plots A, B, C, and D 


Plots A, B, C, and D are irregular in size and shape, being distributed 
about the field in odd spaces among the other series. Each plot is treated with 
manure, limestone, rock phosphate, and potassium salt. A small area, or sub- 
plot, for each plot remains without limestone. A rotation of wheat, winter oats, 
and sweet clover on three of the plots, with alfalfa remaining four years on 
the fourth plot, was followed for the first few years. In 1921 a slight change 
was made, spring oats being substituted for winter oats. In 1923 alfalfa was 
introduced on a second plot. The regular applications of limestone were dis- 
continued in 1922. 

Because of irregularities in soil type and changes in cropping, no attempt 
is made at this time to summarize the results from these plots. The annual 
yields, however, are given in detail in Table 10, as a matter of record. 
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Fic. 4.—SweEetr CLOVER GROWING ON THE SPARTA FIELD 


These two plots in the same series were seeded alike to sweet clover. The application of 
limestone was the principal factor in the difference in results. Without limestone sweet clover 
will not grow on this land. 


Plots E and F 
Plots E and F were laid out in 1920. They were treated with limestone 
at the rate of 5 tons an acre. Small grains and legumes have been grown alter- 
nately, but otherwise no definite plan of crop rotation has been followed. The 
plots have served mainly for variety tests rather than for any special soil in- 
vestigations. For the sake of any information of interest that may be con- 
tained, the crop yields are placed on record in Table 11. 


Taste 11—SPARTA FIELD: Prots E anp F 
Annual Crop Yields—Bushels or (tons) per acre 


| 


Soil treatment 


Fiot\) ~ iwphad ane Lee 1921 1922 1923 1924 1925 
' Sweet Sweet 
E | Limestone...... Oat hay clover Soybeans | Wheat clover Wheat 
(247) .63 8.0 17.8 2.75 17.3 
Winter | Sweet Sweet 
F | Limestone...... barley clover Wheat clover Wheat Oats 
/ 18.1 67 14.5 .64 12.0 19.3 


THE ODIN FIELD 
An experiment field was established at Odin in Marion county in 1902. 
The field is located mainly on Gray Silt Loam On Tight Clay. A detailed ex- 
amination, however, shows the presence of Gray Silt Loam On Compact Red 
Clay in the northwest corner of the field. There is also a very small patch of 
Yellow-Gray Silt Loam located on the border, so that it should not materially 
affect the plots proper. 
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A part of the field is tile-drained, but owing to the impervious nature of 
the subsoil satisfactory results have not been obtained from the tiling. 
The field is laid off into different systems of plots as described below. 


Series 100, 200, 300, and 400 

The rotation chiefly practiced on Series 100, 200, 300, and 400 has been 
corn, legumes (cowpeas or soybeans), wheat, and clover. Until 1922 the clover 
was alsike, soybeans being substituted if the clover failed. Since that time 
sweet clover has been used instead of alsike. A part of the time cowpeas were 
seeded in the corn, at the last cultivation. The first five plots in each series were’ 
not tile-drained, while the last five plots were tile-drained. 

Phosphorus was applied in the form of steamed bone meal, used at the rate 
of 200 pounds an acre a year until 1923, when the total application of the bone 
meal was evened up on all plots to 4,800 pounds an acre and temporarily dis- 
continued. Potassium was applied at the annual rate of 100 pounds an acre 
of potassium sulfate until 1923. At that time the total application was evened 
up to 2,500 pounds on each of the potassium plots, and plans made to continue 
the application on the southwest halves of the plots at the normal rate. 

In 1902 slaked lime at the acre rate of 475 pounds was applied to the limed 
plots, and in 1903 an additional 2 tons was applied to these plots. No more 
lime was added until 1908, after which it was applied regularly at the annual 
rate of 500 pounds of limestone an acre to the northwest halves and 1,000 pounds 
an acre to the southeast halves of these plots. In 1922 these applications were 
temporarily discontinued until further need for lime appears. 

Crop residues and cover crops have been regularly plowed down on the 
residue plots. The return of the wheat straw was discontinued in 1922. From 
1907 to 1919 the northeast half of each plot was subsoiled at the time of plow- 
ing for corn. 

Table 12 summarizes the yields, by crops, for the period during which 
the plots have been under their full fertilizer treatment. The lower section of 
the table gives a more condensed summary in terms of crop increases, indicating 
the effects of the different fertilizing materials as they were used in these experi- 
ments. These figures are based upon the results of the corresponding tiled and 
untiled plots averaged together. 

Organic manure is provided in these experiments by plowing under crop 
residues and legume crops used as green manure. The crop yields show little 
effect from residues alone. Residues with limestone, however, have produced, 
with a single exception, notable increases in yields. It is of interest to note that 
the one crop which does not show a benéfit from limestone is cowpeas, and the 
cowpea is generally known as a plant tolerant to soil acidity. 

Regarding the phosphorus treatment on these series it will be observed that 
wheat shows a very marked benefit from bone meal, but the other crops have 
responded indifferently. With a single exception, the potassium treatment has 
been attended by some increase in yield, and in the case of the corn this in- 
crease is very pronounced. 

These results on the whole point to the necessity of using limestone in con- 
nection with organic manures in improving this soil. On the farm, all available 
stable manure should be utilized. 


[December, 
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Comparative Phosphate Tests 


Series 500, 600, 700, and 800 were originally plotted as one series of six 
long plots for the purpose of studying the relative value of various carriers of 
phosphorus used in equal money values on limed and unlimed land. 

A rotation of corn, oats, and three years of clover-timothy meadow was 
first established on this series. Cowpeas were seeded in the corn for use as 
residues. The phosphates were applied at the annual acre rate of 200 pounds 
of steamed bone meal, 333 pounds of acid phosphate, 666 pounds of rock phos- 
phate, and 250 pounds of slag phosphate. At that time these amounts were of 
equivalent money value. The first application of lime was at the acre rate of 
11% tons to the southeast halves. Subsequent applications were at the annual 
acre rate of 1,000 pounds. Potassium at the annual acre rate of 100 pounds of 
potassium sulfate was applied to all plots. These applications were discontinued 
in 1913. 

The results on these plots are summarized by crops in Table 13. The lower 
part of the table shows differences in crop yields presumed to have resulted 
from applying the various forms of phosphatic fertilizers for all the crops 
harvested from 1904 up to 1921, after which time the plots were modified. 

Altho it is recognized that these data are too meagre for final conclusions, 
the following comments based upon these figures for crop increases may be made. 
It appears that the various phosphorus carriers—bone meal, acid phosphate, 
rock phosphate, and slag phosphate—rank differently in efficiency, according 


Tas Le 13.—ODIN FIELD: Comparative PHospHATE TESTS 
Summary of Crop Yields 1904-1921—Bushels or (tons) per acre 


Plot . : Corn Oats Hay 
No. Soil treatment applied 4 crops © crope iWcrops 
501W | RKbP....... _ ee eae ee 23.6 43.4 (1.05) 
SALINE) )\ DESL ALS 6 2) Sr 26.0 40.3 (1.42) 
ESDEAM |} UNLESS lei ne Mahar Ravce i 20.8 35.6 C62) 
OD SS a nr en 21.1 35.8 (1.28) 
HADSAWY |) LO S295 oli ee 22.9 43.8 ( .68) 
One) || TURE 4S SR) ee 2307 34.5 (e88)), 
EIDE) 1) GLSSS So aun #) chan 20.3 43.4 ( .68) 
ISU) |) POUT 0 25.5 39.6 (1.36) 
PU EV Ma MISO EINT , hce cre poco ce elewsnseees 16.3 32.0 (152) 
ADSI, 1) TR VIL aay fie SO ERG iC ERE ee 21.8 39.0 (1.24) 
URE RUS en a oe 20.5 41.9 (ris) 
OG PMD ROSARY telco sisinid caked asec ve pals 25.2 47.4 (1.34) 
TRIKC OL ngaig 12a 5.1 9.6 ( .48) 
PME EO V.CERT UIDs. chaps ccayais oo viv vies ajetee's os Auf 2.9 (a6) 
RA CREMOM CURING ists icicle Pai tals ede eaae's 4.0 10.0 Greet) 
TEN th 2 OS 1 A On rr Did —2.9 (@207) 
Tag Gr) Oph RW ke a LS 9.6 (eee ti) 
PR ORCPEROVET UH Mar Gytr Th uinisi4clnievs Ole. sos-s oes 4.0 ao ( .10) 
JEL oKisre 1nd Se sc Ge ee 2.0 8.1 Ge2n) 
uheles PuOVer tCUiveichiie ds eG octe ses ae cae Sinth 10.0 ( .08) 
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to the kind of crop produced. Considering first the results without limestone, 
we find the following order of efficiency: for corn—bone, acid, slag, rock; for 
oats—acid, either bone or rock, slag; and for hay—hbone, slag, either acid or 
rock. Used with limestone, the relative efficiencies run as follows: for corn— 
bone, rock, slag, acid; for oats—slag, bone, rock, acid; and for hay—bone, rock, 
slag, acid. In general, the differences are small and a careful analysis of the 
data shows that most of them are to be considered insignificant, that is to say, 
well within the experimental error. 

These results illustrate well the difficulty of laymg down definite rules for 
practice in applying phosphorus fertilizer. To this point in the discussion there 
has been taken into account only the effect on production. When the economy 
from a financia!+standpoint is considered, the matter becomes even more com- 
plicated, for all depends upon relative cost of materials applied as well as upon 
the market value of produce sold, both of which are constantly fluctuating. How- 
ever, with the data of Table 13, one may compute for himself the relative economy 
of producing these crop increases by applying any set of prices for crops and 
fertilizers which appear to be most applicable according to prevailing market 
conditions. In so doing, however, it should be constantly borne in mind that 
the order of efficiency might be easily shifted thru a relatively small change in 
commodity prices. 

In 1922 these series were replotted and a different system of rotation estab- 
lished for further investigation of the various forms of phosphorus fertilizer. 
This later work, however, has not been under way long enough to warrant sum- 
marizing at this time. 

In addition to the above described series, seven plots on the Odin field have 
been devoted to two special rotations featuring sweet clover. On three plots a 
rotation of corn, cowpeas or soybeans, and wheat has been practiced. Sweet 
clover has been seeded in both the corn and the wheat and plowed down as a 
green manure for the succeeding crop. On the other four plots the rotation has 
been corn, cowpeas or soybeans, wheat, and sweet clover. In this system the 
sweet clover has been allowed to make its second year’s growth and produce a 
seed crop, the straw and chaff being returned to the land. Limestone and bone 
meal have been used in both these rotations. 

The average annual crop yields of the two systems are compared in Table 14. 


Tasie 14.—ODIN FIELD: Use or Sweet Crover In Rotations 
Average Annual Crop Yields—Bushels per acre 


: Corn Soybeans! Wheat Clover seed 
Rotation 19 crops 15 crops 19 crops 18 crops 
aPhree-y6ar:Acv aac eee eee ae ee 29.3. 6.2 ly fea bee ta cea 
POUPAVCar’ 3k. er oie rae ames 35.8 9.2 22.2 1.56 
1Or cowpeas. 


The markedly higher production in all crops in the four-year rotation in- 
dicates the advantage of this system, in which one field out of four is devoted 
to the production of sweet clover, over the three-year system in which only 
catch crops of sweet clover are grown. 
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THE DUBOIS FIELD 


Another experiment field on Gray Silt Loam On Tight Clay is located at 
DuBois in Washington county. This land lies practically level and appears to 
be uniform in soil type. The experiments were started in 1902. The field was 
laid off into a single series of plots having two sections, one tiled and the other 
untiled. 

The rotation practiced the first eight years was corn, oats, and wheat fol- 
lowed by a legume. After two of these rotations the order was changed to corn, 
oats, clover, wheat, with a seeding of sweet clover and alsike on the residues plots 
for use as a green manure. Since there appeared to be little difference between 
the tiled and untiled sections, another change in cropping was made in 1922 
by which corn is grown on one section and wheat with a seeding of sweet clover 
on the other. 

Five tons of hydrated lime was applied in 1902, and no further application 
of lime was made until 1922, when 2 tons of limestone an acre was applied on 
the east section and 1,000 pounds an acre on the west section. 

Until 1905 nitrogen was applied annually in approximately 650 pounds of 
dried blood an acre on what are now the residues plots; thereafter crop residues 
were substituted. Phosphorus was supplied in form of steamed bone meal ap- 
plied at the rate of 200 pounds an acre a year, and potassium in 100 pounds of 
potassium sulfate an acre a year. In 1922 the applications of both phosphorus 
and potassium were discontinued temporarily. 

A general summary of the annual crop yields is assembled in Table 15, 
and for convenience in studying the effect of the treatments the various possible 
comparisons are brought together in Table 16, where the results of the cor- 
responding plots of the two sections are averaged and expressed in terms of 
crop inereases. Some points of interest brought out by these comparisons are 
as follows: 

Altho lime, as used in these experiments, has produced some increase in 
all crops, when applied alone it does not raise the plane of production suffi- 
ciently to give a profitable system of farming. In the presence of other fertiliz- 
ing materials, however, its effectiveness is greatly enhanced. 

The response to residues in the various combinations is rather complex. 
In some cases the increases to be ascribed to residues are marked. In the treat- 
ment with lime, phosphorus, and potassium, the effect of residues on the grain 
crops is quite indifferent, while on the hay crop it is very pronounced. In con- 
sidering these residues results it should be noted that they include the data of 
the earlier years, when dried blood was used instead of crop residues to furnish 
nitrogen. 

Phosphorus has given increases in all combinations in all crops, but the 
most significant effect produced was on the wheat. Potassium has produced 
a remarkable effect on the corn; in some cases the yields have been practically 
doubled following the potassium treatment. These results in general confirm 
those of the Odin field located on the same soil type, in that wheat responds in 
a notable way to phosphorus treatment while corn receives its greatest benefit 
from potassium treatment. A rational system of general farming designed to 
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TasLe 15.—DUBOIS FIELD: Summary or Crop YIELDS 
Average Annual Yields 1902-1923—Bushels or (tons) per acre 


Clover | 
Soil treatment Wheat Corn Oats : Soybeans 
applied? Hay Seed 

6 crops 6 crops 5 crops 4. crops 2 crops 1 crop 
A Oates ac on eee 5.4 10.8 14.0 ( 358)5 eee 3.5 
DOSE Enoki. Je ee AE 13.0 _ 23.0 .61)) a) eae 6.7, 
SP POLED. acqt> one ee 13.6 17.6 30.8 ( .89)3 .80 1.2 
A LB Swe ae ee 20.7 Vice: 35.2 (1.04).  olae ae 8.5 
Be aS, oe eee ae 16.7 25.9 30.8 (..89)\ eer 9.3 
Gi VERB 0 eee 26.5 17.5 33.8 (LE 1.88 8.2 
eb RRR oor ocr ane 19.7 25.2 32.9 . (1.74)? 2.38 7.8 
“eS | [ps El ed Coe a Re? 28.0 29.1 37.6 (1.67) | & een 9.5 
(LEAs BLL 6 £4 Gye See 27.0 28.8 34.8 (2.22)8 2.09 7.8 
10 TUK Soe tee 18.9 22.1 26.5 (2.00) 2.09 6.3 
g WIG ies t OY Seca pera 6.3 iW bis 14.3 (..54)2 haere 3.3 
LDP rs ie no Ne 13.6 13.8 22.5 ( 77). eee 6.2 
Mya | ekakwrn vs ceoh eee 16.2 16.4 28.0 (1.33)3 1.33 A. 7 
1 an OF ep eta cl, 22-2, 13.3 32.4 (1..14)1) ae V2 
Sy Bal ceo a 16.1 25.2 33.8 (1.23) ree 7.8 
AGA GRP es es 27.0 18.3 38.1 (2.11) 2.42 8.8 
17 TERK: ek eat 23.3 29.7 32.4 (2.19)8 2.04 10.2 
1S ag Pol Wt 5 te aR oe 30.0 32.4 34.8 (1.88)" 7 "9 aoe 10.3 
RS pa PLT Ed ed (CR 28.0 30.8 33.1 (2.67)3 2.08 11.3 
20 RPK eee eee 18.8 21.8 30.2 (2.41)3 2.25 Cnt 


1Plots 1 to 10 not tiled. Plots 11 to 20 tiled. 
2Until 1905 dried blood was applied instead of residues. 
3Only two crops of hay on Plots 3, 5, 7, 9, 10, 13, 16, 17, 19, and 20. 


TasLe 16.—DUBOIS FIELD: Errecr or TREATMENT IN TERMS Or ANNUAL Crop INCREASES 


Bushels or (tons) per acre 


Comparison of Wheat Corn Oats Clover hay! 
treatments 6 crops 6 crops 5 crops 2 or 4 crops 

Lime 

TOWED Os 27.5 Ai neces 5:8 22 8.6 (ald) 

LRPK over RPK.... 8.7 7.9 5.6 ¢.24) 
Residues 

WR over lcs Steer ore EG 6.0 (.42) 

TRProver LEY ner 5.3 Dre 22 (5D) 

LRK over LK....... Ded: 1.9 4 (.91) 

LRPK over LPK.... —1.5 —1.0 —2.3 (.67) 
Phosphorus 

EPover is bate 9.8 18 ied (.40) 

JR overbie ae ee 11.9 9 6.6 (.53) 

PK over LG. eee 12.6 D.2 3.9 (ere?) 

LRPK over LRK.... 6.0 2.4 Les. (.48) 
Potassium ‘ 

WK Over dss eute a eee 4.8 12.2 9.6 (8) 

DRK-over LR... «<<: 6.6 10.5 Bas (.86) 

EP Kroyer UPss... ose 7.6 15.6 2.4 (.69) 

LRPK over LRP..... .8 11.9 —2.0 (.81) 


1Omitting any consideration of clover seed produced on certain plots. 


Soybeans 


1 crop 
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bring this land into the highest production of which it is capable calls for the 
application of both these elements of plant food to be used in conjunction with 
limestone and organic manures. 

The marked benefit to wheat and the indifferent response of all other crops 
following the use of bone meal suggest that in practice perhaps phosphorus 
could be supplied more economically by using somewhat smaller quantities of 
phosphatic fertilizer and applying it directly to the wheat crop. Likewise, it 
seems probable, judging from the relative crop responses to potassium treatment, 
that the expense of potassium fertilizer might be reduced by cutting down the 
quantity used in these tests, applying the material direct to the corn crop. The 
organic manures are well furnished by crop residues and legumes plowed down 
but, under some circumstances, at least a part of the legumes and crop residues 
will be utilized advantageously by pasturing or feeding them to livestock, the 
manure produced therefrom to be carefully conserved and regularly returned 
to the land. 


THE ALHAMBRA FIELD 


As representing field experiments on Brown-Gray Silt Loam On Tight Clay, 
the results of the Alhambra experiment field are presented. This field, located 
in Madison county near Alhambra, was established in 1918. It is devoted pri- 
marily to crop investigations, but the work on certain plots is so planned as to 
show the effect of soil treatment. 

The land is flat and portions of it are practically level. On half of the field 
tile drainage has been provided, but owing to the impervious nature of the sub- 
soil the effect has not been satisfactory. A crop rotation of corn, oats, mammoth 
clover, and wheat seeded with sweet clover for green manure, has been practiced. 
The land is managed as under the grain system of farming, no animal manure 
being employed. All plots except certain checks receive limestone and rock phos- 
phate in addition to the residues treatment. 

The effects of the soil treatments are presented in Table 17, which gives a 
summary of the annual crop yields obtained during the time the plots have been 
under their complete treatments. 

So far as crop yields indicate, there is little evidence to show the advantage 
of tiling. Excepting the clover, all crops appear to have received some benefit 
from the combination of limestone and rock phosphate. However, under present 
market conditions the gains would scarcely be sufficient to return a financial 
profit. The response to rock phosphate without limestone is irregular. The 
wheat shows an increase in both tiled and: untiled sections, but the corn and oats 


Taste 17.—ALHAMBRA FIELD: Summary or Crop YIELDS 
Average annual yields 1919-1924—Bushels or (tons) per acre 


Wheat Corn - | Oats Clover Soybeans 


: r 1 cro 8 crops 
Sci treatment’ § crops § crops 4 crops Pp Pp. 


Tiled | Untiled | Tiled | Untiled | Tiled | Untiled | Tiled | Untiled| Tiled | Untiled 


Rc Aleister neceraet tainty 20.4 19.2 19.9 20.2 19.4 19.3 .53 -72 19.7 20.0 
EGR Neereisiaheter ete erent 23.1 22.6 24,2 18.5 24.1 17.9 .58 .59 18.4 19.2 
RIL? ba astra eerie 23.1 24.3 32.3 26.3 25.5 25.4 -50 -63 21.7 22.5 
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show increases on the tiled plots only. There is no test of limestone without 
phosphate on this field. 


THE PANA FIELD—SERIES 400 AND 500 


The Pana field, located at Pana in Christian county, lies partly on the soil 
type Brown-Gray Silt Loam On Tight Clay. With the exception of two small 
spots all plots on Series 400 and 500, situated on the east end of the field, are 
located on this type. 

The Pana field was laid out in 1912. During the first ten years the 400 
and 500 series were parts of a five-series system under a rotation of corn, oats, 
clover, wheat, and alfalfa. In 1922 two independent rotations were established 
by which the 400 and 500 series were combined with the 300 series and brought 
under a three-year rotation of corn, oats, and wheat. The several crops pro- 
duced, together with the plot treatments, are shown in Table 18. The average 
annual yields are given in this table, and the various possible comparisons of 
soil treatments are brought together in Table 19, where the results are expressed 
in terms of crop increase. The following observations may be made, making 
full allowance for a rather large experimental error due to the small numbers 
of crops represented. 

Manure, used alone, has had little effect aside from that on the wheat, where 
an increase of nearly 5 bushels is shown. Residues, alone, have given prac- 
tically the same increase in wheat as has manure and they have likewise im- 
proved the corn yields. ; 

Limestone is the outstanding treatment on this field. With few exceptions, 
all crops show a decided improvement following the use of limestone, and many 
of the crop increases are very pronounced. The alfalfa especially was greatly 
benefited by it. 

Phosphorus, applied in the form of rock phosphate, proved consistently 
beneficial to the wheat crop but, in general, other crops have not responded in a 
profitable manner to this treatment. 

Potassium, applied in the form of kainit, appears in these experiments in 
but a single combination. In most of the crops the differences are not significant. 
In fact, several of the figures carry the minus sign, so that upon the basis of 
these experiments the conclusion is that potassium is not needed on this soil. 

By the term ‘‘cover erop,’’ as used in these experiments, is meant the prac- 
tice of seeding a legume catch crop in the wheat, and in some instances in the 
corn, to be plowed down in preparation for the crop that follows. Cover crops 
in the three combinations tested give conflicting results. Used with manure 
alone, the increases in crop yield are considerable, but with limestone in addi- 
tion to manure these gains are greatly reduced. 

The results on the whole support the recommendation that limestone and 
organic manures be used for building up this land. If wheat is grown, phos- 
phorus fertilization is likely to be profitable; otherwise a financial return suffi- 
cient to cover expenditure appears to be doubtful. : 
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Taste 18.—PANA FIELD, Series 400 ann 500: Summary or Crop YIExLps, 1914-1922 


Bushels or (tons) per acre 


Plot : Oats | Wheat | Alfalfa 
No. Soil treatment 3 crops | 3 crops | 3 crops 
gid Et oe Oe 22.1 34.6 13.4 95) 
LUA 20.3 41.8 17.9 | (1.04) 
LN gL ae 27.6 52.1 27.7 | (3.19) 
Cole) AC oo os 32.3 49.3 29.9 | (3.36) 
a Sait. ys xs - 19.7 43.5 13.4 | (1.28) 
RPO Pager rs a2 c.....-. 27.5 40.7 17.8 | (1.39) 
Ope ee ges p> +>... 34.4 53.1 29.6 | (3.09) 
LSU LS so. Ae 37.2 56.2 35.9 | (3.65) 
eM iba oS 32.3 57.6 31.8 (3.76) 
2g bo 27.6 49.5 14.4 | (1.59) 
ins 30.0 58.0 19.0 (1.66) 
ONS i 32.2 49.7 26.5 (3.19) 
coc Se US 2 a a 35.4 54.5 29.9 | (8.10) 
ees 7) 4 27.2 52.3 24.4 ( .89) 
RIPE psu es ks ss 20.8 42.3 12.6 | ( .56) 
CE es oe ee eee 19.4 39.3 11.6 ( .64) 


Clover 


Soybeans! 
2 crops 
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10n manure plots one crop was harvested as hay but evaluated as seed in this average. 


Tasie 19.—PANA FIELD, Serres 400 anp 500: Errect or TREATMENTS IN TERMS OF ANNUAL 


Crop INCREASES 
Bushels or (tons) per acre 


Corn Oats Wheat | Alfalfa 


Comparison of treatments 4 crops | S crops | 3 crops | 3 crops 
Manure 

Sue ooo eee 1.6 0.0 4.8 ( .04) 

OT 5.6 —1.1 ey | ( .39) 
Limestone 

Waueseeee tes el eS ano 10.3 9.8 (2.15) 

hove 6.9 12.4 11.8 (1.70) 

LCvM over CvM........:... 221 —S.0 4 (1.53) 

L@vMP over CvMP......... 8.2 2.2 5.5 (2.21) 
Phosphorus 

PME over mG. ............:; 4.7 —2.8 79 Saal SEL 

PCvML over CvML......... a2 4.8 3.4 |(—.09) 

PCvM over CvM............ —2.8 —5.7 5.4 |(—.77) 

Pittaswertetse sf o.502... 2.8 4G 623 (2256; 
Potassium 

REP over RbP..:..+:... :.| —4.9 1.4 —4.1 |( .11) 
Cover Crop 

og is ee 9.7 16.2 54-0) hibeo262) 

CvML over ML............. 4.6 —2.4 —1.2 |( 0.00) 

CvMLP over MLP.......... ort 5.2 0.0 |(—.26) 


THE ELIZABETHTOWN FIELD 
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The Elizabethtown experiment field was established by the University in 


1917, in the unglaciated hilly section of southern Illinois. 


This field is located 


in Hardin county about two miles north of Elizabethtown. The soil is of loessial 
formation, the predominating type on this field being classified as Yellow Silt 
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Loam. A detailed examination, however, shows the presence of some Yellow- 
Gray Silt Loam and also a very small patch of Stony Loam. The land is ex- 
tremely rough in topography, the contour map showing a range in elevation of 
42 feet on that part of the field occupied by the present plots. Erosion, there- 
fore, is a serious problem. The field embraces about 32 acres, of which area 
about one-half is laid off into plots. There are four series of 10 fifth-acre plots 
each, included in a major rotation. Another series of 10 tenth-acre plots is de- 
voted to another rotation, and in addition to these there are three other plots 
designated as A, B, and C, upon which a special phosphate test is being carried on. 

The major rotation formerly included corn (with rye cover crop), soy- 
beans, wheat, and sweet clover, but this was changed in 1923 to a rotation of 
corn, wheat, clover-timothy mixture, and wheat with sweet clover seeding on 
the residue plots: The plot treatments are indicated in the following table of 
results. The difficulty of obtaining satisfactory experimental data on land of 
such rough topography is obvious. There are, however, certain effects standing 
out in such bold relief as to leave no doubt as to their significance. The results 
for the different crops are summarized in Table 20, showing the yields since full 
treatment has been in force. 

These results show extremely poor yields on the untreated land, with no 
improvement from the use of manure alone or residues alone. A sharp increase 
in yield, however, follows the application of limestone along with either manure 
or residues. Rock phosphate seems to have produced. a beneficial effect on the 
corn, on the wheat following legumes, and on the timothy-clover mixture, in 
both the manure and the residues systems. The potassium treatment as applied 
in these experiments does not show sufficient benefit to cover the cost. The 
following general observations are of interest. The wheat following legumes has 
a much more favorable place in the rotation than the wheat following corn, which 
fact is manifested by the relative yields. Soybeans have not proved a very suc- 
cessful crop on this field. It is of interest to note that*the residues system ap- 
pears to be fully as effective in building up this soil as the manure system, but 
a rational system of farming might well include livestock, in which the manure + 
as well as all available crop residues would be utilized for soil improvement. 


TasBLEe 20.—ELIZABETHTOWN FIELD: Summary or Crops Grown 
Average Annual Yields 1919-1924—Bushels or (tons) per acre 


Wheat Wheat Timothy 


; Corn following | following clover Soybeans clover 
Soil treatment legumes corn mixture see 

6 crops 4 crops 2 crops 2 crops 3 crops 2 crops 
Sh fh tee shes wre ae 21.4 6.9 (8) (0.00) 2.7 0.00 
10) Gai SE PRs comic Ban 20.4 6.5 4.4 (0.00) 3.1 0.00 
MTs tre ee Ceihcs seria ee 33.0 1b Ra 10-2 ( .90) 4.2 2.59 
12 8 0) BO Se eee eit 38.8 15.4 9.0 (1.45) 5.2 2.42 
Ue rot Rear Ree RIE Sige ences c 14.5 6.9 2.4 (0.00) 2.3 0.00 
Re Serre eee 15a 6.1 2.9 (0.00) 2.5 0.00 
RL eee tie eon 31.8 11.6 4.9 (1.02) 4.3 1.99 
154 OF Se eta os UY, ok eee 41.3 UD, One (1.20) 5.0 1.74 
RON Of QPS trae reese ST re ah ey¢ 16.6 4.9 (1.44) 4.6 °' 1.49 
OSRE nce eon 2259 es a (0.00) 3.0 0.00 
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The results from the minor rotation on Series 500 are too few to warrant 
consideration at this time. 

On Plots A, B, and C a comparison of the two carriers of phosphorus, acid 
phosphate and rock phosphate, is under way. The acid phosphate is applied 
at the rate of 200 pounds an acre a year and the rock phosphate in double this 
quantity. 

In a rotation of corn, cowpeas, and wheat, four crops of corn, three of cow- 
peas, and three of wheat can be compared at this time. It is of interest to note 
the results that thus far have been obtained, bearing in mind that the data are 
not sufficient to warrant drawing final conclusions as to which carrier of phos- 
phorus will prove to be the more economical to use. Table 21 presents the crop 
yields from these comparative phosphate tests covering the period since the full 
soil treatment has been appiled. 


Taste 21.—ELIZABETHTOWN FIELD: Comparative Test or ActIp PHOSPHATE AND 
Rock PHosPHATE 


Annual Acre Yields of Crops Grown, 1921-1924—Bushels per acre 


Corn Wheat Cowpeas 
Year Acid phos- | Rock phos- | Acid phos- | Rock phos- | Acid phos- | Rock phos- 
phate phate phate phate phate phate 
1921. Dice 28.8 ABMOe WII coe nigth sities |inte Sa Gtn teen t 9.2 (ines 
NOD 2 » cnlctets 34.4 32.0 3.2 9.8 12.5 4.7 
WO2S: irate ule 32.2 46.8 18.6 14.3 10.5 9.2 
HO D4 Fea, 54.6 59.2 13.3 ae mea orhare nc Syomes ctl tae Ws kid capes la 
Average... 37.5 41.7 11.7 11.0 10.7 7.2 


On the whole, the differences shown in the averages are relatively small, so 
that it may be said that after four years the data furnish no reliable indication 
as to which form of phosphate is the more effective on this field in increasing 
erop yields. 

THE OLD VIENNA FIELD 

From 1902 to 1911 the University conducted an experiment field in John- 
son county, about two miles southeast of Vienna, on land that was described at 
the time as ‘‘red clay, a soil typical of the hill sections of the state.’’ The soil is 
characteristic of much of the type designated as Yellow Silt Loam. The field 
comprized a tract of 5.6 acres of land rolling in topography, a portion of which 
was low and wet. It was not tile-drained. 

Previous to 1902 this land had been cultivated for about fifty years, after 
which it was said to be still capable of producing fair crops of corn and wheat. 

For the experiment work the field was laid out into three series of plots one- 
fifth aere in size, each series containing 5 plots. A crop rotation of wheat, corn, 
and cowpeas was started; but in 1905 this rotation was changed to corn, oats, 
wheat, and legumes. Cowpeas for plowing down were seeded in the corn at the 
last cultivation excepting on Plot 1.. As the carrier of phosphorus, steamed 
bone meal was used at the rate of 200 pounds an acre a year. Potassium was 
applied in the form of potassium sulfate, this material being used at the annual 

acre rate of 100 pounds. Lime was applied in 1902 in the form of slaked lime 
at the rate of 1,800 pounds, and the following year limestone was added at the 
rate of 8 tons an acre. 
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Table 22 presents a summary giving the average annual acre yields of the 
9 corn crops and 8 wheat crops harvested after the plots had received their re- 


spective treatments. 
The great need of this land for organic matter and nitrogen is brought out 


in these results. Organic matter and nitrogen are furnished by the legumes in 
these experiments; but in order to produce a thrifty growth of legumes, it was 


TaBLE 22.—OLD VIENNA FIELD: Summary or THE GRAIN Crops. 
Average Annual Yields 1903-1911—Bushels per acre 


ah Corn Wheat 

Soil treatment 9 crops 8 crops 
core Tee RE Mae ee eee 29.0 3.0 
Tio, 88 oth eicd alee ene eee eee 29.8 Bi 
TGS, ua was cake meataceen Sttremen eee eis 39.7 10.9 
1D) ee ee ora ck eal 37.5 13.6 
16) A as ai ie eed 40.7 15.6 


necessary to apply lime. Thus, upon the addition of limestone, the corn yield 
was increased by one-third, while the wheat yield was practically doubled. In 
the ease of the corn, little or no effect was produced by the addition of either 
phosphorus or potassium treatment. In the wheat, however, an increase of 
about 3 bushels an acre a year appears upon the addition of phosphorus, and a 
further increase of 2 bushels an acre a year upon including potassium in the 
treatment. 

The yields from the three clover crops are not summarized here but it may 
be stated that some very fair yields of clover were obtained on the better treated 
plots. 

Altho these results furnish an indication of the most important needs of 
this land, it cannot be said that the experiments as conducted represent di- 
rectly an economical system of farming. Considering the several years in which 
the land was given over to the growth of a green manure crop when nothing 
was harvested, even the yields from the best plots would scarcely be sufficient 
to cover the cost of maintenance. However, it appears possible that by modi- 
fying the cropping plan in some manner, as for example, substituting sweet 
clover for cowpeas and giving large place in the farming system to hay and 
pasture crops, production might be substantially increased and thus a system of 
farming instituted that would represent a profitable enterprise. 


THE NEW VIENNA FIELD 


From 1906 to 1924 another experiment field, designated as the new Vienna 
field, was maintained. This field was located about a mile southeast of Vienna 
and about a half-mile west of the old Vienna field described above. It em- 
braced 16 acres of the badly eroded, hilly land characteristic of the region. 

The soil of this field is, in general, of loessial formation. It is strongly 
acid in reaction. Altho the soil type appears on the county map as Yellow 
Silt Loam, a detailed examination of the area occupied by the field discloses on 
a larger-scale map three separable types, namely, Yellow Silt Loam, Yellow-Gray 
Silt Loam, and Deep Gray Silt Loam. | 
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The work on this field from 1906 to 1915 was concerned with an investiga- 
tion of methods of reclaiming this land primarily thru means of reducing ero- 
sion. Before taking over the field, the land, with the exception of about three 
acres, had been abandoned because so much of the surface soil had been washed 
away, and gulleying had become so bad that further cultivation was unprofit- 
able. Some of the gulleys were four or five feet deep, so that the first step in 
reclaiming the land was to fill them and thus make the slopes more uniform. 

The field was divided into five sections. The sections designated as A, B, 
and C were divided into 4 plots each, and D into 3 plots. On Section A, which 
included the steepest part of the area and contained many gullies, the land was 
built up into terraces at vertical intervals of five feet. Near the edge of each 
terrace a small ditch was placed so that the water could be carried to a natural 
outlet without much washing. 

On Section B the so-called embankment method was used. By this method 
erosion is prevented by plowing up ridges sufficiently high so that if the water 
breaks over, it will run over in a broad sheet rather than in rills thru narrow 
channels. At the steepest part of the slope, hillside ditches were made for carry- 
ing away the run-off. 

Section C was washed badly but contained only small gullies. Here the 
attempt was made to prevent washing by incorporating organic matter in the 
soil and practicing deep contour plowing and contour planting. With two ex- 
ceptions, about eight loads of manure an acre were turned under each year for 
the corn crop. ; 

The land on Section D was washed to about the same extent as that of Sec- 
tion C. As a check on the different methods of reducing erosion, the land on 
Section D was farmed in the most convenient way, without any special effort 
being made to prevent washing. 

Section E was badly eroded and gullied and no attempt was made to crop 
it other than to fill in the gullies with brush and to seed the land to grass. 

Sections A, B, C, and D were not entirely. uniform; some parts were washed 
more than others and portions of the lower-lying land had been affected by soil 
material washed down from above. When the field was secured, the higher land 
had a very low producing capacity. On many spots little or nothing would grow. 

Limestone was applied to the entire field at the rate of 2 tons an acre. Corn, 
cowpeas, wheat, and clover were grown in a four-year rotation on each section 
excepting D which had but three plots. 

Table 23 contains a summarized statement of the results obtained. For a 
more detailed account of this work the reader is referred to Bulletin 207 of 
this Station entitled ‘‘ Washing of Soils and Methods of Prevention.”’ 

«These results indicate something of the possibilities in improving hillside 
land by protecting it from erosion. The average yield of corn from the pro- 
tected sections (A, B, and C) was 30.6 bushels an acre, as against 14.1 bushels for 
Section D; wheat yielded 11.1 bushels in comparison with 4.6 bushels; and clover 
.82 ton in comparison with .21 ton. 

A comparison of Figs. 5 and 6 will serve to indicate the possibility of’ im- 
proving this type of soil. 
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Fia. 5.—VIEW OF AN UNIMPROVED HILLSIDE OVER THE FENCE FROM THE FIELD SHOWN IN Fa. 6. 


TaBLE 23.—NEW VIENNA FIELD: Hanpurine Hitusipe Lanp To PREVENT EROSION 
Average Annual Yields 1907-1915—Bushels or (tons) per acre 


ate Corn Wheat Clover 
Section Method 7 crops 7 crops 3 crops 
A WETPACEs4.7: car nsioks bl EO Oe ee 31.4 9.0 (.68) 
B Embankments and hillside ditches........ 32.4 Ter (.97) 
C Organic matter, deep contour plowing, and 
contour planhing © <...tte «soe oe ie 27.9 TUG. (.80) 
SE So) ee eee 14.1 4.6 (.21) 


Fia. 6.—Corn GROWING ON IMPROVED HILLSIDE OF THE VIENNA EXPERIMENT FIELD. 
THis LAND FORMERLY HAD BEEN BADLY ERODED. COMPARE WITH FG. 5. 
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The Soil Survey of Illinois was organized under the general supervision 
of Professor Cyril G. Hopkins, with Professor Jeremiah G. Mosier directly 
in charge of soil classification and mapping. After working in Association 
on this undertaking for eighteen years, Professor Hopkins died and Profes- 


sor Mosier followed two years later. 


The work of these two men enters so_ 


intimately into the whole project of the Illinois Soil Survey that it is im- 
possible to disassociate their names from the individual county reports. 
Therefore recognition is hereby accorded Professors Hopkins and Mosier or 
their contribution to the work resulting in this publication. 
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INTRODUCTORY NOTE 


It is a matter of common observation that soils vary tremendously in their 
productive power, depending upon their physical condition, their chemical com- 
position, and their biological activities. For any comprehensive plan of soil 
improvement looking toward the permanent maintenance of our agricultural 
lands, a definite knowledge of the various existing kinds or types of soil is a 
first essential. It is the purpose of a soil survey to classify the various kinds of 
soil of a given area in such a manner as to permit definite characterization for 
description and for mapping. With the information that such a survey affords, 
every farmer or landowner of the surveyed area-has at hand the basis for a 
rational system of improvement of his land. At the same time the Experiment 
Station is furnished an inventory of the soils of the state, upon which intelli- 
gently to base plans for those fundamental investigations so necessary for solving 
the problems of practical soil improvement. 

_ This county soil report is one of a series reporting the results of the soil 
survey which, when completed, will cover the state of Illinois. Each county 
report is intended to be as nearly complete in itself as it is practicable to make 
it, even at the expense of some repetition. There is presented in the form of an 
Appendix a general discussion of the important principles of soil fertility, in 
order to help the farmer and landowner to understand the significance of the 
data furnished by the soil survey and to make intelligent application of the same 
in the maintenance and improvement of the land. In many eases it will be of 
advantage to study the Appendix in advance of the soil report proper. 

Data from experiment fields representing the more extensive types of soil, 
and furnishing valuable information regarding effective practices in soil man- 
agement, are embodied in the form of a Supplement. This Supplement should 
be referred to in connection with the descriptions of the respective soil types 
found in the body of the report. 

While the authors must assume the responsibility for the presentation of 
this report, it should be understood that the material for the report represents 
the contribution of a considerable number of the present and former members 
of the Agronomy Department working in their respective lines of soil mapping, 
soil analysis, and experiment field investigation. In this connection special 
recognition is due the late Professor J. G. Mosier, under whose direction the soil 
survey of Saline county was conducted, and Mr. H. C. Wheeler, who as leader 
of the field party, was in direct charge of the mapping. 
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SALINE COUNTY SOILS 


By R. S. SMITH, E. A. NORTON, E. E. DeTURK, F. C. BAUER anv L. H. SMITH! 


LOCATION AND CLIMATE OF SALINE COUNTY 


Saline county is located in the southeastern part of Illinois, 18 miles west 
of the junction of the Wabash and Ohio rivers. The county is rectangular in 
shape, 21 miles long and 18 miles wide, comprizing an area of 386 square miles. 
With the exception of a belt of high, rough land in the south portion, the county 
lies within the lower extremity of the glaciated region of the state. 

The climate of Saline county is characterized by a wide range between the 
extremes of winter and summer, and by an abundant, well-distributed rainfall. 
The greatest range of temperature in any year from 1899 to 1923 was 128 degrees 
in 1918. The lowest temperature recorded during the entire period was —22° in 
1899; the highest, 110° in 1918. The average date of the last killing frost in 
spring is April 14; the earliest in fall, October 24. The length of the growing 
season, therefore, is about 193 days. 

The average annual precipitation in the county for the 24-year period from 
1899 to 1923 was 44.67 inches. ‘The average annual rainfall by months for this 
period was as follows: January, 4.15 inches; February, 2.79; March, 4.38; 
_ April, 4.11; May, 4.15; June, 3.51; July, 3.84; August, 4.66; September, 3.33 ; 
October, 2.90; November, 3.14; December, 3.71. The proportion of rainfall 
occurring during each season was: winter, 23.8 percent; spring, 28.2 percent; 
summer, 27.1 percent; autumn, 20.9 percent. 


AGRICULTURAL PRODUCTION 


Agriculture and mining are the two important industries in Saline county. 
Agriculture probably is first in importance because it employs more people, the 
total value of its product is as large, and practically the entire area of the 
county is utilized in its pursuit. The system of farming which has been prac- 
ticed since the county was settled has been that of general grain farming, and 
as a whole it has been profitable. Some farms, however, have been abandoned 
and more are being abandoned each year because the land has passed the point 
of marginal utility; that is, the point at which, under present conditions of agri- 
culture, they can be profitably operated. One-third of the acreage in the county 
is not suited to general grain farming, and unless some specialized crops are 
introduced this large acreage will pass the point of being profitable and become 
submarginal land. The areas referred to as marginal lands’ are the rough and 
rocky hillsides, the slopes from which fertile surface soil is removed each year 
by erosion, and land which has been so farmed that it no longer produces profit- 
able crops. Special crops which are adapted to this marginal land are pasture, 
fruit, and forest. 

1R. S. Smith, in charge of soil survey mapping; E. A. Norton, first assistant in soil survey 


. mapping; E. E. DeTurk, in charge of soil analysis; F.C. Bauer, in charge of experiment 
fields; L. H. Smith, in charge of publications. — 
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In 1919, as shown by the Fourteenth Census, there were 2,105 farms in 
Saline county, these having an average of 97 acres each, 84.2 acres of which 
were improved. In 1900 the number of farms reported was 2,912, showing a 
rapid decrease during the two decades. Tenantry also decreased 50 percent 
during this time, 76.3 percent of the farms being operated in 1919 by the owners. 

The principal crops are corn, wheat, oats, cowpeas, pasture, and hay. The 
Census reports the following acreage and yield of the more important crops. 


Crops Acreage Production Yield per acre 
(OID... eae ate eee 34,342 692 ,567 bu. 20.0 bu. 
WIRES cal &. i Pierce eee ene 29 ,276 387 ,403 bu. 13.0 bu. 
Oats ae ce oat eae ee 11,295 208 ,270 bu. 18.0 bu. 
Losehid lendiin SplehrbN areas Mint Paacg 16 156 bu. 9.7 bu. 
Ryle Fe GOs h. Siew 265 1,800 bu. 6.8 bu. 
ALDOUS Lie tte ak! le ppeeeee 8,279 9,839 tons 1.2 tons 
Timothy and clover mixed . 4,398 5,084 tons 1.1 tons 
Clovert £2 2 St peae cee 3,025 3,549 tons 1.2 tons 
AAR a hae ache ed 876 1,421 tons 1.6 tons 
NUSeO:CrOPE, scum aoe 342 1,472 tons 4.3 tons 
Corn: for silage: fa. se8ee 2,730 5,955 tons 2.1 tons 


Within the past few years the cowpea, grown for both hay and seed, has 
been rapidly establishing itself as one of the staple crops of the region. The_ 
total value of the grains, hay and seed, produced in 1919 was slightly more than 
three million dollars. It must be remembered that these figures are for but a 
single year, that of 1919, which appears to have been a poor crop year for corn 
and oats. The U. S. Department of Agriculture reports the following acre- 
yields for the ten-year period 1911-1920, for Saline county: corn, 26.8 bushels; 
oats, 23.9 bushels; tame hay, 1.04 tons; winter wheat, 13.0 bushels. ' 

The livestock interests, including those of dairy and poultry, are of im- 
portance, as is shown by the following data, also taken from the 1920 Census. 


Animals and Animal Products Number Value 
Horses SE Coie) be eee eee. ae fe 5 ,697 $538 , 225 
Mulési2 ieee ade: te eset eee ee 3,289 382,899 
Best catilen 4 cree. ozo nhs steve me ee 4,578 219,710 
Dairy eattles) ss eso ee tic ee ade oe 7,813 391,272 
Sheepe ss sa cieised vee Fede Reape ee 1,995 26 , 284 
Swine 4 ce eet: on aan iar eee 17,210 218 , 967 
Poultrytstk. ek one aoe Se eee 159 , 723 141 , 964 
Eggs and, chickens... 07s «siete -Goehe. | ee 416 ,861 
Dairy progucts) ssc < cae ok <nen saat aie coe ae ee eee 277 ,376 
Wooltv: asic eek Bee eee 5,219 lbs. 2,939 


The report gives the total value of livestock as more than two and one-half 
million dollars. : 

Very little interest has been shown in the growing of fruit until the past 
few years. Prior to 1920 no fruit was grown for sale outside the county; since 
then orchards have been set out and have returned good profits. About 52,000 
quarts of small fruits were produced in 1919. The total production of orchard 
fruits—namely, apples, pears, peaches, and cherries—was approximately 80,000 
bushels, three-fifths of which were apples. Thirty thousand pounds of grapes 
were produced. 
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SOIL FORMATION 
GEOLOGICAL HISTORY 

A belt of high, rough land, which is commonly referred to as a spur of the 
Ozarks, enters Saline county in the southwestern corner, stretching across the 
southern tier of townships in a northeasterly direction. The history of this 
area dates back to the later Paleozoic period of geological time. It was not 
covered by any advance of ice during the Glacial period, and for that reason 
is termed unglaciated. . The surface. rocks of this area have been exposed to the 
processes of weathering longer than those in other parts of the state. This area 
is the result of a series of uplifts, the remains of which are shown by discon- 
nected plains of about the same level and extent. The first uplift now forming 
the crest of the ridge appears in Saline county in the southeastern corner. The 
few isolated peaks forming the remnants of this plain stand about 1,000 feet 
above sea level, and are the highest points in the county. These ridges are made 
up of diverse rocks, the remaining high knobs being resistant sandstone, while 
limestone and shales, which are more easily weathered, form the valleys. 

The most important period in the geological history of that part of the 
county north of this rugged area is known as the Glacial period. At that time 
snow and ice accumulated in the region of Labrador and to the west of Hudson 
Bay to such an amount that the mass pushed outward from these centers, chiefly 
southward, until a point was reached where the ice melted as rapidly as it ad- 
vanced. In moving across the country from the far north, the ice gathered up 
all sorts and sizes of materials, including clay, silt, sand, boulders, and even 
immense masses of rock. Some of these materials were carried for hundreds 
of miles and rubbed against surface rocks and against each other until largely 
ground to powder. 

A pressure of 40 pounds a square inch is exerted by a mass of ice 100 feet 
thick, and these ice sheets were hundreds, or possibly thousands, of feet in 
thickness. The material carried along in the ice, especially the boulders and 
pebbles, became powerful agents for grinding and wearing away the surface 
over which the ice passed. Preglacial ridges and hills were rubbed down, valleys 
filled with debris, and the surface features were changed entirely. The mixture 
of materials deposited by the glacier is known as boulder clay, till, glacial drift, 
or simply drift. The average depth of this deposit over the state of Illinois 
is estimated at more than one hundred feet. 

During the Glacial period at least six distinct ice advances occurred that 
were separated by long periods of time. Only one of these, designated as the 
Illinoisan, reached Saline county. All the county except the rugged area lying 
south of the valley of the South Fork of Saline river was covered by this glacier. 
Previous to the ice invasion the glaciated region generally was not well suited 
to agriculture because of its rough and hilly character, as is shown by numerous 
borings which indicate that erosion had completely dissected the land. The 
general effect of the glaciers was to change the surface from hilly to gently un- 

dulating. Erosion has since continued active and has changed the topography 
in some areas from undulating back to hilly again. 
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The deposit of drift left by the Illinoisan glacier varied in depth from a 
few inches on the tops of old knolls or hills to a depth of 50 to 100 feet in old 
stream valleys. The drift was a heavy, sandy, gravelly, compact clay, originally 
blue but now more yellowish, owing to weathering. When the limit of the ad- 
vance of the Illinoisan glacier was reached, the material carried by the glacier 
did not accumulate in a broad undulating ridge or moraine, as was the case 
with other glacial advances, because the thickness of the glacier and the amount 
of material it carried were greatly reduced by the time it reached Saline county, 
and its recession was gradual and uniform rather than intermittent, as was the 
ease of those glaciers which built up moraines. 

Another important process took place during and shortly after the Glacial 
period, which furnished a large part of the soil material from which the present 
soils were derived. During the melting of the glaciers, the Illinoisan as well 
as subsequent ones, the streams were overloaded with rock flour produced by 
the grinding action of the glacier. This rock flour was deposited in the stream 
valleys, and after the streams regained their former channels, it dried, was 
picked up by the wind, and was rather uniformly deposited over the upland 
as dust. Saline county received its share of this wind-blown material, called 
loess, which buried the older deposits to a depth varying from one to twenty feet. 

The broad, flat valleys which are found along the main drainage courses 
are not the result of stream erosion since the Glacial period. Altho the Ilinoisan 
glacier, in its advance across Saline county, covered the land with a deposit vary- 
ing from a few inches to more than 100 feet, the deposit had little effect on the 
present general drainage of the county. The main drainage channels were re- 
established along Preglacial lines and the streams have taken meandering courses 
thru these broad valleys which have been filled to a depth of 50 to 100 feet 
with drift. These valleys are termed Preglacial because they are the result of 
stream erosion since the area was first lifted out of the sea at a very early 
geologic period. The Preglacial valleys comprize more than one-third of the 
total area of the county, and contain the more fertile and productive soils. 


PHYSIOGRAPHY AND DRAINAGE 


Saline county has extremes in topography which are due primarily to the 
rugged, hilly character of the Ozark highlands. This area is extremely rough 
and broken; erosion has dissected the once extensive plains until now only a 
few very narrow ridges remain as comparatively level land. The glaciated area 
to the north of the Ozark ridge is flat to gently rolling except for a few areas 
along the west side of the county which are rolling to rough. The broad stream 
valleys are nearly level, the bordering lowlands undulating, and the upland 
gently rolling. : 

The altitude of Saline county varies from 980 feet above sea level to 340 feet, 
a difference of more than 600 feet. The highest point is on Horton Hill near 
the southern part of Sommerset township, (Township 10 South, Range 7 East) ; 
the lowest point is found where Saline river leaves the county. The following 
figures give the altitudes of a few points in the county: Bald Knob, 820 feet; 


a 
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Eldorado, 385; Francis Mills, 371; Galatia, 416; Harrisburg, 366; Horton 


Hill, 980; Raleigh, 418; Rileyville, 393; Rudemont, 400; Sommerset, 446. 
The county lies entirely within the drainage basin of Saline river, the waters 
of which flow east, emptying into the Ohio river. South Fork drains the three 


_ southern townships with the exception of the east half of Sommerset township 


(Township 10 South, Range 3 East), which is drained by Eagle creek; Middle 


_ Fork with its tributary, Bangston creek, drains the central and western parts 


of the county; and North Fork with its tributary, Rector creek, drains the 


_ northeastern part of the county. South Fork and Middle Fork unite just east 


of the center of the county to form Saline river. 
The county is generally well drained, each of the larger streams having 


numerous tributaries which drain every section. Judging from the ramification 


of streams, the amount of erosion, and the breadth and depth of stream valleys, 
the drainage of Saline county would be classed as mature. The unglaciated 
area drains particularly well, owing to the hilly topography. The problem here 
is not one of drainage but one of controlling the erosion which occurs as a result 


_of surface run-off. Except for a few flat areas the glaciated upland drains well, 


erosion becoming a problem on the more rolling topography. Heavy spring rains 
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fill the stream channels and the streams frequently overflow the surrounding 
bottom land, making shallow lakes which do not dry up until summer. Exten- 
sive dredging has improved this condition materially, but more improvement 
could be effected, especially by deepening and widening those dredges already 
in. The system should be extended until it reaches every farm, since much of 
the land in these broad valleys remains swampy thruout the year. 


SOIL DEVELOPMENT : 

Rocks weathered in place, glacial till, and loess are the three sources of 
soil material from which the present upland soils of Saline county were derived. 
The present soil is thought to have been derived mainly from material of loessial 
origin. On the stony slopes in the unglaciated part of the county are some areas 
where the soil material is a mixture of residual and loessial material, and might 
properly be termed residuo-loessial or residuo-zolial. Erosion has, subsequently, 
removed the loess from some of the hilly areas in the glaciated region so that 
the till forms the soil material in those areas. , 

The general composition of any soil material, particularly loess, is rather 
uniform when first deposited. The various physical, chemical, and biological 
agencies of weathering form soil out of soil material by some or all of the follow- 
ing processes: the leaching of certain elements, the accumulation of others; 
the chemical reduction of certain compounds, the oxidation of others; the trans- 
location of the finer soil particles, and the arrangement of them into layers, 
zones or horizons; and the accumulation of organic matter from the growth 
and decay of vegetable material. 

One of the very pronounced characteristics observed in most soils is that they 
are composed of distinct layers, strata, or horizons, and so, as explained on page 
22, these horizons are named, from the surface down: A, the layer of extraction ; 
B, the layer of concentration or accumulation; and C, less-altered material, 
or the layer in which weathering has had less effect. The development of hori- 
zons in a soil is an indication of its age. Bottom-land soils which are constantly 
receiving deposits washed down from the adjoining hills are called young soils; 
new soil material is added so frequently that the process of weathering does not 
have time to form distinct horizons. Some of the areas in the broad preglacial 
bottom lands of Saline county do not overflow often and have not received any 
additional deposit of consequence for many years; tbe soils in these areas have 
developed horizons but they are not so mature as those of the upland. 


SOIL GROUPS 

The soils of Saline county are divided into four groups, as follows: 

Upland Timber Soils, including all the upland areas of glacial or loessial 
origin, that are now, or were formerly, covered with timber. 

Terrace Soils, including bench lands, or second bottom lands, formed by 
deposits from overloaded streams. 

Swamp and Bottom-Land Soils, including the overflow land along streams, 
the swamps, and poorly drained lowlands. " 

Residual Soils, including rock outerops, and soils formed in place thru the © 
weathering of rocks. 
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TaBLE 1.—Sor Typgs or SALINE County, ILLINoIs 


Soil Area in Area Percent 
type Name of type square in of total 

No. miles acres area 

Upland Timber Soils (100, 300) 
se 7) (WelloweGray Silt Loam...................6. | 119.40 76 416 30.88 
A 91.58 58 611 23.68 
332 |Light Gray Silt Loam On Tight Clay........ 2.80 1 792 AP 
wy 213.78 136 819 | 55.28 
Terrace Soils (1500) 
1531 |Deep Gray Silt Loam.................... a es 
Old Swamp and Bottom-Land Soils (1300) 
Vast Weer Gray Silt Loam...................... | "76.20 44 928 18.15 
USGS OCC) CEA er 11.59 7 418 3.00 
SPAS LOO CLG BO) 0 30.17 19 309 7.80 
1334. 1/Yellow-Gray Silt Loam On Clay............. 16.21 10 374 4.19 
1326.1|Brown Silt Loam On Clay.................. 8.96 5 734 PAY? 
: 137.138 87 763 35.46 
Residual Soils (000) 

(vied ohio? LO 65 12.45 7 968 3.22 
ODOM SOCLROULCEOD dh) siciiioinin soni os vie saw ved esos 57 365 W15 
13.02 8 333 3.37 
DUD sp one a 386.70 . 247 488 100.00 


Table 1 gives a list of the soil types found in Saline county, classified 
according to the groups described above. It also shows the area of each type in 
square miles and in acres and its percentage of the total area of the county. 
The accompanying map shows the location and boundary lines of every type 
. of soil in the county, even down to areas of a few acres in extent. 

For explanations concerning the classification of soils and the interpretation 
of the maps and tables, the reader is referred to the first part of the Appendix 
to this report. 


INVOICE OF THE ELEMENTS OF PLANT FOOD 
IN SALINE COUNTY SOILS 


In order to obtain a knowledge of its chemical composition, each soil type 
is sampled in the manner described below and subjected to chemical analysis 
for its important plant-food elements. For this purpose, samples are taken 
usually in sets of three to represent different strata in the top 40 inches of soil; 
namely, an upper stratum (0 to 6%4 inches), a middle stratum (624 to 20 inches), 
and a lower stratum (20 to 40 inches). These sampling strata correspond ap- 
proximately in the common kinds of soil to 2 million pounds per acre of dry 
soil in the upper stratum and to two times and three times this quantity in the 
middle and lower strata, respectively. This, of course, is a purely arbitrary 
division of the soil section, very useful in arriving at a knowledge of the quan- 
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tity and distribution of the elements of plant food in the soil, but it should 
be borne in mind that these strata seldom coincide with the natural strata as 
they actually exist in the soil and which are referred to in describing the soil 
types as surface, subsurface, and subsoil. By this system of sampling we have 
represented separately three zones for plant feeding. The upper, or surface layer, 
includes at least as much soil as is ordinarily turned with the plow, and this is 
the part with which the farm manure, limestone, and other fertilizing materials 
are incorporated. 

The chemical analysis of a soil, obtained by the methods here employed, 
gives the invoice of the total stock of the several plant-food materials actually 
present in the soil strata sampled and analyzed. It should be understood, how- 
ever, that the rate of liberation from their insoluble forms, a matter of at least 
equal importance, is governed by many factors, and is therefore not necessarily 
proportional to the total amounts present. 

For convenience in making application of the chemical analyses, the results 
as presented here have been translated from the percentage basis and are given 
in the accompanying tables in terms of pounds per acre. In doing this the 
assumption is made that for ordinary types an acre of soil to a depth. of 624 
inches weighs 2 million pounds. It is understood, of course, that this value is 
only an approximation, but with this understanding it is believed that it will 
suffice for the purpose intended. It is, of course, a simple matter to convert 
these figures back to the percentage basis in case one desires to consider the 
information in that form. 

With respect to the presence of limestone and acidity in defferent strata, 
no attempt is made to include in the tabulated results figures purporting to 
represent their averages for the respective types, because of the extreme varia- 
tions frequently found within a given soil type. In examining each soil type 
in the field, however, numerous qualitative tests are made which furnish general 
information regarding the soil reaction, and in the discussion of the individual © 
soil types which follows, recommendations based upon these tests are given con- 
cerning the lime requirement of the respective types. Such recommendations 
cannot be made specific in all cases because local variations exist, and because 
the lime requirement may change from time to time, especially under cropping 
and soil treatment. It is often desirable, therefore, to determine the lime re- 
quirement for a given field, and in this connection the reader is referred to the 
section in the Appendix dealing with the application of limestone (page 29). 


THE UPPER SAMPLING STRATUM 

In Table 2 are reported the amounts of organic carbon and the total quan- 
tities of nitrogen, phosphorus, sulfur, potassium, magnesium, and calcium in 
2 million pounds of the surface soil of each type in Saline county. 

In connection with this table attention is called to the variation among the 
soil types with respect to their content of the different plant-food elements. It 
will be seen from the analyses that a variation in the organic-earbon content 
of the different soils is accompanied by a parallel variation in the nitrogen con- 
tent. The organic-carbon content, which serves as a measure of the total organic 
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matter present, is usually from 10 to 12 times that of the total nitrogen. This 
close relationship is explained by the well-established facts that all soil organic 
matter contains nitrogen, and that most of the soil nitrogen (usually 98 percent 
or more) is present in a state of organic combination. This close relationship 
is also maintained in the middle and lower sampling strata. 

The organic matter, with the accompanying nitrogen, shows some variation 
among the different soil types but is comparatively low thruout the county. 
Of the nine types of soil for which analyses are reported in this county, only 
one contains more than 40,000 pounds of organic carbon in the surface stratum 
of an aere. This is Drab Clay Loam, Bottom, which contains 46,410 pounds of 
this element, with a corresponding nitrogen content of 3,710 pounds an acre. 
The remainder of the soils in the county range from 34,480 pounds of organic 
earbon in Brown Silt Loam On Clay, down to 15,720 pounds in Yellow Silt Loam. 
The total nitrogen values are correspondingly low, being in the two latter types 
2,800 and 1,340 pounds respectively. Because of the small amounts of both 
nitrogen and organic matter in these soils, it is particularly important to grow 
legume crops frequently as green manures and plow them down, in addition to 
conserving and using all the animal manure which can be produced. 

Other elements are not so closely associated with each other as organic 
matter and nitrogen. There is some degree of correlation, however, between 
sulfur, another element used by growing plants, and organic carbon. This is 
because a considerable, tho varying, proportion of the sulfur in the soil exists 
in the organic form, that is, as a constituent of the organic matter. The sulfur 
content of Saline county soils is generally low. It ranges, in the surface soil, 
from 60 to 660 pounds an acre, averaging less than half the phosphorus content. 
The proportion is still lower in the deeper layers of soil. This is partly ac- 
eounted for by the low organic matter. Another factor is the atmospheric 
supply. Sulfur dioxid escapes into the air in the gaseous products from the 
burning of all kinds of fuel, particularly coal. The gaseous sulfur dioxid is 
soluble in water and consequently it is dissolved out of the air by rain and 
brought to the earth. In regions of large coal consumption the amount of sulfur 
thus added to the soil is relatively large. At Urbana, during the eight-year 
period from 1917 to 1924, there has been added to soil by the rainfall 3.5 pounds 
of sulfur an acre a month as an average. Similar observations have been made 
in localities in southern Illinois for shorter periods. At Newton, in Jasper 
county, in 1921 there was added in the rainfall 2.52 pounds of sulfur an acre 
in June and 3.75 pounds in September. At Ewing, Franklin county, during 
the season of 1921 the average monthly precipitation contained 2.27 pounds of 
sulfur an acre. These figures will afford some idea of the amount of sulfur 
added by rain and also of the wide variation in these amounts under different 
conditions. On the whole, these facts would indicate that the sulfur added 
from the atmosphere supplements that contained in the soil, so that there is 
probably no need for sulfur fertilizers in Saline county. Because of the pos- 
sibility of a need for sulfur fertilization in some parts of the state, experiments 
with gypsum have been started on five experiment fields, namely, Raleigh, Toledo, 
Carthage, Hartsburg, and Dixon. The first two named fields are located in 
southern Illinois, in Saline and Cumberland counties, respectively. 
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TABLE 2.—PLANtT-Foop ELEMENTS IN THE SOILS OF SALINE County, ILLINoIs 
Upprr SAMPLING StrATUM: About 0 To 624 INCHES 


Average pounds per acre in 2 million pounds of soil 


Soil Total | Total | Total | Total] Total } Total | Total 
type Soil type organic| nitro- | phos- | sulfur | potas- jmagne-|calcium 
No. carbon | gen |phorus sium | sium 
Upland Timber Soils (100, 300) 
ai Yellow-Gray Silt Loam......... 21 570| 2 110] 860] 350] 24 230] 5 210] 4 670 
aap) [Yellow Silt Loam.............. 15 720| 1 340/ 660| 280] 30 490] 6 420] 4 440 
332 |Light Gray Silt Loam On Tight 
MCLANE Erin Ses ER Ns Nase ea ee 17 720} 1 620 680 340} 25 480] 4 600} 5 140 
“ Terrace Soils (1500) 
1531 |Deep Gray Silt Loam.......... 24 710| 2 360| 970] 380] 30 720] 6 170| 6 720 
: Old Swamp and Bottom-Land Soils (1300) 
1331 |Deep Gray Silt Loam........... 20 490; 2 160) 1 100}; 460) 33 890) 7 O80) 5 060 
1354 |Mixed Loam!. ... 0.0... i cee fence ot ape eeu nelle neu + «iflerernlay al] Stetina tai cette sete 
£352) # | Drab Glay Loam 2.402 sens ok 46 410} 3 710} 1 280} 660} 40 790} 14 230) 16 250 
1334.1)Yellow-Gray Silt Loam On Clay | 21 920) 1 760) 850} 420) 33 750) 7 410) 5 800 
1326.1|Brown Silt Loam On Clay...... 34 480] 2 800) 820 440} 35 580) 10 480} 13 100 
Residual Soils (000) 
os | iStony Loam.<5.asessses seeks 19 960] 1 “4 bis 7 22 880| 4 040] 4 300 


OOS! S Rock: Ontcrop*is cetublecieis ols clecte ie melee niece 


LIMESTONE AND SOIL ACIDITY.—In connection with these tabulated data it should 
be explained that the figures for limestone content and soil acidity are omitted not because of any 
lack of importance of these factors, but rather because of the peculiar difficulty of presenting in 
the form of general numerical averages reliable information concerning the limestone requirement 
for agivensoiltype. A general statement, however, will be found concerning the lime require- 
ment of the respective soil types in connection with the discussions which follow. 


1On account of the heterogeneous character of Mixed Loam, chemical analyses are not in- 
eluded for this type. 
*No samples taken. 


The phosphorus content of the soils in the county is low, on the whole, 
averaging only about 850 pounds an acre in the surface soil. Drab Clay Loam 
contains 1,280 pounds an acre of this element, while the minimum, 520 pounds, 
is found in Stony Loam. Considering the low phosphorus level in these soils 
it appears that the renewal of this element by the addition of phosphate will 
be a necessary step in the permanent improvement of the soil. 

The potassium content of the soil ranges from 22,880 pounds an acre in 
Stony Loam to 40,790 pounds in Drab Clay Loam. From a quantitative point 
of view the least of these amounts is far above maximum crop requirements. 
However, the rate at which potassium is liberated in available condition from 
these large reserves is slow, and in soils so low in organic matter as is the case 
here the rate of liberation may be too slow to supply the needs of growing crops. 
The results of field experiments as given in the Supplement are an indication 
that potassium fertilization may be desirable, at least for some crops on some 
of the soils of Saline county. | 

The amounts of soil calcium are, on the whole, rather low, but no lower 
than is to be expected in old, leached soils which are strongly acid. ‘Soil acidity 
and calcium deficiencies are very frequently, but not always, associated. The 
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TaBLe 3.—PLANT-Foop ELEMENTS IN THE SoILs oF SALiIne County, Inuinors 
MippLe Sampuine Stratum: ABpout 624 To 20 INcHES 


Average pounds per acre in 4 million pounds of soil 


Soil ‘ Total | Total} Total | Total} Total | Total | Total 
type Soil type organic} nitro-| phos- | sulfur | potas- |magne-|calcium 
No. carbon | gen |phorus sium | sium 
Upland Timber Soils (100, 300) 

324) |Yellow-Gray Silt Loam......... 23 930| 2 710] 1 530| 510 54 520| 16 260| 8 160 
335) [Yellow Silt Loam.............. 16 830| 1 760] 1 470] 530 63 510| 17 620} 8 720 
332 |Light Gray Silt Loam On Tight 

hay.) PSU Se ae eas 14 040} 1 320] 1 160 360} 51 880} 11 240} 9 720 


Terrace Soils (1500) 


1531 |Deep Gray Silt Loam.......... | 24 140| 2 460| 1 420| 600] 61 840| 13 360| 11 960 
Old Swamp and Bottom-Land Soils (1300) 

1331 |Deep Gray Silt Loam.......... 18 340| 2 440| 1 740| 640] 70 020] 14 570] 9 970 

ei es cial encase fees cacdelcesen[eecec safer. cco efeewsves 

1321 |Drab Clay Loam.............. 56 460| 4 730] 1 930| 790 81 290} 27 960] 24 900 

1334. 1|Yellow-Gray Silt Loam On Clay | 18 580| 1 720| 1 400] 780] 74 040] 20 860] 8 320 

1326. 1|Brown Silt Loam On Clay...... 41 280| 3 400) 1 120| 840] 70 040| 22 960] 23 240 


Residual Soils (000) 


a a TREN er Ne ose x ates sn cho ae b.ctellleisiere. cele eivs a viefad > coca Slecee ohe ns 
OSE MRstyel © C000) 02 ed ee |e 


LIMESTONE AND SOIL ACIDITY.—See note in Table 2. 


10On account of the heterogeneous character of Mixed Loam, chemical data for this type are 
not included. 

*The stony character of this type prevented the sampling of the middle stratum. 

8No samples taken. 


smallest amount of calcium, 4,300 pounds an acre, is in Stony Loam; but this 
amount, with two exceptions, is about the same as that in all the other types. 
These two exceptions are Brown Silt Loam On Clay, with 13,100 pounds, and 
Drab Clay Loam, with 16,250 pounds. Both of these are bottom-land types 
which are neutral or alkaline. Calcium is utilized by crops in fairly large 
amounts, so that in soils low in calcium content this element may not become 
available rapidly enough to supply crop needs. The liming of such soils, how- 
ever, supplies any calcium deficiencies in addition to the correcting of acidity. 

The surface soil in Saline county contains, on the average, approximately 
the same quantity of magnesium as of calcium. The smallest amount found is 
4,040 pounds an acre and the maximum 14,230 pounds. Because of the rela- 
tively small quantities of this element required by crops, it is doubtful, even in 
soils containing the minimum, whether it ever becomes a limiting factor in crop 
growth. Moreover, any possible deficiencies of this element for crop growth 
in the surface soils are offset by the accumulations in the lower strata, as ex- 
plained in the following section. . 


THE MIDDLE AND LOWER SAMPLING STRATA 
In Tables 3 and 4 are recorded the amounts of the plant-food elements in 
the middle and lower sampling strata. In comparing these strata with the upper 
stratum, or with each other, it is necessary to bear in mind that the data as 
given for the middle and Jower sampling strata are on the basis of 4 million 
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TABLE 4.—PLANT-Foop ELEMENTS IN SOILS OF SALINE County, ILLINOIS 
Lower Sampuina Stratum: Asout 20 To 40 IncHES 


Average pounds per acre in 6 million pounds of soil 


Soil Total | Total | Total | Total |-Total | Total | Total 
type Soil type organic| nitro- | phos- | sulfur} potas- |magne-|caleium 
No. carbon | gen |phorus| sium | sium 
Upland Timber Soils (100, 300) 
3) Yellow-Gray Silt Loam......... 19 420] 2 390] 2 350] 570] 94 730| 34 470] 18 540 
ae } [Yellow Silt Loam.............. 12 210] 1 780| 2 050 890] 96 090) 27 810] 15 880 
332 |Light Gray Silt Loam On Tight 
Clavius ee coy: Thala atad avawpe crate ihaen tere 14 460] 1 560) 1 860 60} 84 720} 27 000) 15 840 
be Terrace Soils (1500) : 
1531 |Deep Gray Silt Loam.......... | 24 240| 2 940| 1 920] —360| 97 800| 27 030| 20 220 
Old Swamp and Bottom-Land Soils (1300) 
1331 |Deep Gray Silt Loam.......... 17 170} 2 760} 2 200 540|107 220) 22 210) 15 250 
1354 |Mixed Loam!. .. . .3.6 cee See fe cn ew defes esc Glee. ae afin os cee aeennn hh ini ni ise setts 
£321. \Drab Clay thoam. 2:55 ...0he es 49 710| 4 780) 2 730} 1 000}120 210) 50 790) 45 700 
1334. 1|/Yellow-Gray Silt Loam On Clay | 20 730} 2 430) 2 430) 1 830/120 060} 47 220) 17 880 
1326.1|Brown Silt Loam On Clay...... 37 440} 3 720) 2 160 680|109 740} 50 340) 48 360 


Residual Soils (000) 


098. “Stony Loam? sees ese 
099° Rock: Outerap® a a.<:e siececes 


LIMESTONE AND SOIL ACIDITY.—See note in Table 2. 


10n account of the heterogeneous character of Mixed Loam, chemical data for this type are 
not included. 

?The stony character of this type prevented the sampling of the lower stratum. 

’No samples taken. 


and 6 million pounds of soil, and should, therefore, be divided by two and 
three respectively before being compared with each other or with the data for 
the upper stratum, which is on a basis of 2 million pounds. 

With this in mind it will be noted in comparing the three strata with each 
other that all the soil types diminish rather rapidly in organic matter and nit- 
rogen with increasing depth, and that this diminution is very marked even in 
the middle stratum. The sulfur content decreases markedly with increasing 
depth. This is to be expected since a portion of the sulfur exists in combina- 
tion with the soil organic matter, and inorganic forms of sulfur are not tenaci- 
ously retained by the soil against the leaching action of ground water. Phos- 
phorus, on the other hand, is not removed from the soil by leaching. It is con- 
verted by growing plants into organic forms and tends to accumulate in the 
surface soil in these forms in plant residues at the expense of the underlying 
strata. Thus, in the eight soil types in Saline county analyzed, the second 
stratum contains proportionately a smaller amount of phosphorus than the 
surface. . 

The basic elements have all been leached from the surface soil to some 
extent. Potassium and magnesium show increases in the second stratum and 
are still more concentrated in the lowest. As these bases are dissolved from 
the surface soil and pass downward by percolation, they are in part fixed in 
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' the lower levels by reconversion into insoluble forms. Calcium is less readily 
fixed than magnesium. Consequently the latter forces calcium out into the 
solution so that it is carried down to lower levels or lost entirely. It is to be 
noted that in nearly all the soil types in Saline county the accumulation of 
ealeium oeceurs only in the lowest stratum or not at all, while magnesium and 
potassium exhibit increases in concentration also in the second stratum. 

It is frequently of interest to know the total supply of a plant-food element 
within reach of the roots of growing crops. While it is impossible to obtain 
this information exactly, especially for the deeper-rooted crops, it seems prob- 
able that practically all the feeding range of the roots of most of our common 
field crops is included in the upper 40 inches of soil. By adding together for 
a given soil type the corresponding figures in Tables 2, 3, and 4, the total amounts 
of the respective plant-food elements to a depth of 40 inches may be ascertained. 

Considered in this manner the tables reveal a wide variation with respect 
to the relative abundance of the various elements among the different soil types, 
as measured by crop requirements. We may compare in this way two éxtreme 
soil types in the county, namely, Drab Clay Loam, Bottom, and Yellow Silt 
Loam, Upland. These are among the most extensive soil types in the county. 
The respective amounts of nitrogen in the two soils to a depth of 40 inches are 
13,220 and 4,880 pounds an acre, which is equivalent to the nitrogen contained 
in the same number of bushels of corn, since a bushel of corn contains approxi- 
mately a pound of nitrogen. Drab Clay Loam thus contains nearly three times 
as much of this element as Yellow Silt Loam. Drab Clay Loam also contains 
considerably more phosphorus than Yellow Silt Loam. The former contains 
5,940 pounds of phosphorus, which is equivalent to 34,900 bushels of corn, as 
compared to 4,180 pounds in the latter, equivalent to 24,600 bushels of corn. 
A comparison of total amounts of potassium in the two soil types is of little 
moment when it is considered that the soil with the lowest content of this ele- 
ment, namely, Light Gray Silt Loam On Tight Clay, contains potassium equiv- 
alent to 850,000 bushels of corn. This large total supply of potassium does not 
mean that there can be no need for potassium fertilizers. The supply in the soil 
may not become available rapidly enough for the demands of crops during the 
growing season, and therefore in some eases applications of potassium may prove 
beneficial. 

These two soil types vary widely in calcium content, the amounts contained 
to a depth of 40 inches being 86,850 pounds in Drab Clay Loam and only 29,040 
pounds in Yellow Silt Loam. The relative amount of calcium is not of so great 
importance directly in connection with the corn crop as it is with respect to 
legumes. <A ton of red clover hay, for example, contains approximately 29 pounds 
of calcium. These two soils therefore contain as much calcium as would be 
removed in 2,990 and 1,000 tons of red clover hay respectively. 

The above statements are not intended to imply that it is possible to pre- 
dict how long it might be before a certain soil would become exhausted under 
a given system of cropping. Neither do the figures necessarily indicate the 
immediate procedure to be followed in the improvement of a soil, for other 
factors than the amount of plant-food elements present enter into consideration. 
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Much depends upon the nature of the crops to be grown, as to their ability to 
utilize plant-food materials, and much depends upon the condition of the plant- 
food substances themselves, as to their availability. Finally, in planning the 
detailed procedure for the improvement of a soil, there enter for consideration 
all the economie factors involved in any fertilizer treatment. Such chemical 
data do, however, furnish an inventory of the total stocks of the plant-food 
elements that can possibly be drawn upon, and in this way contribute funda- 
mental information for the intelligent planning, in a broad way, of systems of 
soil management that will conserve and improve the fertility of the land. 


DESCRIPTION OF SOIL TYPES 
: UPLAND TIMBER SOILS 
The upland ete soils inelude all the upland areas of glacial and loessial 
origin that are now or were formerly covered with timber. In forests the vege- 
table material from trees falls on the surface of the ground and is either burned 
or suffers almost complete decay. Grasses, which furnish large amounts of 
humus-forming roots, do not grow to any extent because of the shade. More- 
over, the organic matter that had accumulated before the timber invaded the 
territory is removed thru various decomposition processes, with the result that 
in these soils generally the content of nitrogen and organic matter is low. A 
yellowish or yellowish gray surface color is characteristic of timber soils in 
Illinois. 
The total area of upland timber soils in Saline county is 213.78 square miles, 
or more than 55 percent of the area of the county. 


Yellow-Gray Silt Loam (134, 334) 

Yellow-Gray Silt Loam has been formed under the influence of the long- 
continued growth of forests, which as a general rule develop along streams 
where drainage is good and gradually spread over the prairie as drainage be- 
comes established. As this region is relatively old, ample time has elapsed for 
the timber to spread over the entire county. The topography of Yellow-Gray 
Silt Loam varies from undulating or nearly level to rolling. The topography 
of the area occupied by this type has been an important factor in the modifi- 
eation of certain horizons of the soil profile, producing different phases within 
the type. These phases are easily recognized, as (1) the undulating phase, 
whose soils have a distinct gray cast, and a compact to tight subsoil; (2) the 
rolling phase, whose soils are more yellowish, and not so compact. The rolling 
phase of Yellow-Gray Silt Loam is well drained naturally; it is much better 
drained than the undulating phase. The zone of accumulation, that is, the upper 
subsoil or B horizon, in the undulating phase is eee a to tight and the soil 
is poorly aerated and poorly underdrained. 

Yellow-Gray Silt Loam is the most extensive soil type in the county. It 
covers 119.4 square miles, or about 30 percent of the area of the county. The 
rolling phase includes all the areas of the type mapped in the unglaciated region, 
and those areas that occur on the slopes in the western part of the county and 
in the eastern part of Cottage Grove township (Township 9 South, Range 7 East). 
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Practically all the remaining areas of the type, except a few scattered ones, are 
included in the undulating phase. 

The A, horizon, or surface soil, of the undulating phase of Yellow-Gray 
Silt Loam, 0 to 3 inches, or 6 to 7 inches when cultivated, is a brownish gray, 
friable silt loam. The A, horizon, or subsurface soil, 3 to 18 inches, is a light 
yellowish gray, mealy, friable silt loam. The B horizon, or upper subsoil, 18 to 
34 inches, is a very compact to tight, well-mottled, yellow clay. Blotches of 
almost pure gray occur in the joints or cracks made by water percolating thru 
the soil. The C horizon, or lower subsoil, is a friable, mottled, yellow silt loam. 

The A, horizon of the rolling phase of the Yellow-Gray Silt Loam, 0 to 5 
inches, or 6 to 7 inches when cultivated, is a brownish yellow, friable silt loam. 
The A, horizon, 5 to 16 inches, is a friable, slightly mottled, yellowish gray 
silt loam. The B horizon, 16 to 30 inches, is a compact, grayish yellow, mottled, 
silty clay loam. The C horizon, below 30 inches, is a friable, yellow, mottled 
silt loam. The depth to till in the undulating phase of Yellow-Gray Silt Loam 
varies from 4 to 12 feet, while that in the rolling phase is more constant and 
averages about 5 feet. 

Management—tThe undulating phase of Yellow-Gray Silt Loam is not 
naturally well drained. It is usually medium to strongly acid in the surface 
soil and the degree of acidity increases with an increase in depth. It is low in 
organic matter and nitrogen. Red clover will not grow on this land unless it is 
either limed or heavily manured. Sweet clover will not grow without lime. 
Cowpeas do fairly well without lime and mixed clover and timothy hay yields 
well following the application of 3 to 4 tons of limestone per acre. 

The results on the Raleigh experiment field, which is located on soil similar 
to much of this phase of the type, indicate that manure or residues without 
lime are not effective, but that if lime also is used the response of the crops 
is good. Rock phosphate has not caused sufficient increase in yields on this 
field to pay its cost. Potash has caused sufficient increase in yields to indicate 
that it is worth while to try small applications of one of the potash salts for 
corn. The outstanding requirements of this soil type are first lime and then 
fresh organie matter and nitrogen secured by the growth of clover, preferably 
sweet clover, and the use of all manure available. Further studies now in pro- 
gress indicate that other treatments may prove profitable, in addition to those 
that can now be definitely recommended. 

The rolling phase of Yellow-Gray Silt Loam is better drained than the 
undulating phase because of its more rolling topography and more pervious 
subsoil. It is similar to it in lime requirement except that the subsoil is prob- 
ably always less acid, and it is also low in nitrogen and organic matter. The 
Elizabethtown experiment field is located on soil which is similar to this phase 
of the type. The results secured on this field indicate no improvement in yield 
from the use of manure or residues alone. A very marked increase in yield, 
however, follows the application of limestone with either manure or residues. 
Rock phosphate has produced a more beneficial effect on this field than on the 
Raleigh field, but the increase in yields resulting from its application are not 
sufficiently high to justify its unqualified recommendation for the soil under 
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discussion. It can be stated, however, that the results from its use on this kind 
of soil are sufficiently good to indicate very strongly the wisdom of giving it 
a trial after the lime, nitrogen, and organic-matter deficiencies of the soil have 
been corrected. Comparative phosphate trials have been conducted on the 
Elizabethtown field for a short time. This work has not been in progress suffi- 
ciently long to warrant drawing conclusions. To date the differences shown 
are small. The potassium treatment on this field has been ineffective. 


Yellow Silt Loam (135, 335) 

Yellow Silt Loam is the predominating soil type in the unglaciated region, 
and is also well distributed over the remainder of the county. It occurs in 
very irregular areas as the broken and hilly land along streams, in the more 
rolling and rough upland, and on the steep slopes of ridges. It has been heavily 
timbered, and some of the timber has never been cut off. Yellow Silt Loam is 
the second most extensive soil type in the county and covers an area of 91.58 . 
square miles. 

The A, horizon, or surface soil, when present, is a reddish to brownish 
yellow, friable, silt loam. Sheet washing and gullying have removed the true 
surface soil in most eases. The A, horizon, or subsurface soil, is a yellowish 
gray, friable, silt loam, varying in thickness from 0 to 15 inches, depending 
on how much erosion has taken place. The B horizon, or upper subsoil, is a 
compact, mottled reddish yellow, silty clay loam, found at a depth of 15 to 30 
inches in areas where erosion is not active. The C horizon, or lower subsoil, is 
a friable, yellow, mottled silt loam. Often in the glaciated areas glacial till 
forms the subsoil, and in the unglaciated areas, cherty, residual material is found. 


Management.—The management of Yellow Silt Loam must be governed 
by the slope as well as by the character of the soil material of the particular 
area in question. A large proportion of the type is unsuited to ordinary farm- 
ing because of its steep topography and consequent tendeney to erode. The 
steepest portions should be utilized for timber growth; other portions are well 
adapted to orcharding, while still others can be made into excellent pastures 
provided limestone can be applied. The slopes which are not so steep as to 
present too difficult erosion problems may be farmed successfully if constant 
attention is given to controlling erosion. The results secured on the Vienna 
experiment field (see page 51 of the Supplement) may be taken as an indica- 
tion of the success which will follow the use of limestone and good farming 
methods. This land, when treated with limestone, is particularly well adapted 
to hay, either clover or mixed clover and timothy. It also grows excellent cow- 
peas and fair wheat. It is not adapted to corn. The results from the Vienna 
field do not indicate that either rock phosphate or acid phosphate will be profit- 
able on this soil when manure also is applied. No information is available as 
to whether either of these phosphates could be used profitably with a good rota- 
tion, including clover, when manure is not used. 


Light Gray Silt Loam On Tight Clay (332) 


Light Gray Silt Loam On Tight Clay is one of the poorest upland types 
in the county. It occupies only 2.8 square miles, occurring in the flat, poorly 
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drained, timbered areas in the glaciated portion of the county. It is commonly 
referred to as ‘‘post oak or hickory flats,’’ because post oak and hickory trees 
grow in abundance on the land. This type is too flat for proper surface drain- 
age, the subsoil is so tight that underdrainage is impossible, and organie matter 
is deficient. It has a profile similar to that of Gray Silt Loam On Tight Clay, 
but differs from it in that the surface and gray layer are lighter in color and 
better developed, and that the B horizon or ‘‘tight clay,’’ is less yellow and 
appears to be more plastic and impervious. 

The A, horizon, or surface soil, of Light Gray Silt Loam On Tight Clay, 
0 to 5 inehes, is a friable, light yellowish gray silt loam. The A, horizon, or 
subsurface soil, 5 to 23 inches, is a friable, mealy, light gray silt loam. The 
B, horizon, or upper subsoil, 23 to 36 inches, is a gray clay mottled with light 
yellow. The C horizon, or lower subsoil, below 36 inches, is a slightly compact, 
well-mottled, yellowish gray silt loam. The till is encountered at an average 
depth of 6 feet. The low organic-matter content of this type makes it run to- 
gether during heavy rains. The soil works fairly well when moist but bakes 
very hard on drying. The surface is somewhat porous and incoherent. Hydrated 
iron oxide concretions are usually found in abundance on this soil type. 

Management.—Light Gray Silt Loam On Tight Clay is strongly acid and 
very low in nitrogen and organic matter. It is not a good general farm soil 
because of unfavorable moisture conditions resulting from its highly impervious 
nature. 

Results obtained on the Sparta experiment field which is located, for the 
most part, on Light Gray Silt Loam On Tight Clay, indicate that limestone is 
essential on this type. Manure when used alone causes but little increase in 
yield, but limestone and manure together, or limestone and crop residues, cause 
a sufficient increase in yield to return a profit on the money invested in lime- 
stone. Neither rock phosphate nor potash caused sufficient increase in yield 
to pay for their cost. See page 47 of the Supplement for further discussion of 
the Sparta experiment field. 

Attention should be called to the fact that the areas of this soil type in 
Saline county are flat, while the Sparta field has sufficient slope so that good 
surface drainage can be provided. This difference in topography suggests that 
the Saline county areas will not respond to any treatment so well as the Sparta 
field does. Further, it is questionable whether an attempt should be made to 
use this type for general farming. The gross returns, even under the best treat- 
ment, are small. It is suggested that it be used either for apples or for pasture 
with sweet clover as the pasture crop. 


. TERRACE SOILS 

The terrace soils of Saline county occur either as bench land along stream 
valleys, or just above overflow in the valley itself. The bench-land terraces 
were formed chiefly by the deposition of silt washed down from the surround- 
ing upland, mixed with some alluvial deposit carried in many years ago. Swollen 
and overloaded streams caused by the melting of the glacier, and subsequent 
heavy rains, flooded the valleys and filled them to a depth of 10 feet or more 
with an alluvial deposit. Gradually the streams cut deeper channels thru this 
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deposit, leaving parts of it above overflow. These parts are known as terraces 
or second bottoms. In Saline county there is but a single terrace type, Deep 
Gray Silt Loam (1531), and it oecupies 22.77 square miles. 


Deep Gray Silt Loam (1531) 

Deep Gray Silt Loam, Terrace, is found for the most part along small 
creeks, and is rather generally distributed over the county. A few areas in- 
cluded in this type overflow in exceptionally high water. Not enough deposit 
is left, however, to change the soil, as most of the water rises from the im- 
mediate vicinity and is gone in a few hours. The soil profile of this type is in 
various stages of development, depending primarily upon the length of time 
which has elapsed since the deposition of the soil material. In general, the forma- 
tion is relatively young in comparison with the mature upland. The more 
mature profile has the following description: the A, horizon, or surface soil, 
0 to 4 inches, is a friable, yellowish gray silt loam; the A, horizon, or subsur- 
face soil, 4 to 18 inches, is a friable, light gray silt loam; the B horizon, or 
upper subsoil, 18 to 24 inches, is a compact, somewhat plastic, gray clay loam. 
Often this layer is only partially developed. The younger soils which have no 
horizons developed are predominantly gray in color and silty in texture. 


Management.—Deep Gray Silt Loam, Terrace, varies somewhat in lime 
requirement depending on whether it is subject to overflow. Those portions 
of the type which are overflowed at least once a year are either neutral or only 
slightly acid in the surface soil. The non-overflow portions of the type are 
usually medium acid in the surface. The subsoil of both the overflow and non- 
overflow portions is more strongly acid than the surface soil. This type is 
one of the best soils in Saline county. It needs lime, as indicated above, and is 
low in organic matter and nitrogen. No special treatment is advised at the 
present time other than attention to drainage, the use of limestone in such 


amounts as tests show are needed, and the use of leguminous crops, together 
with all the manure available. 


OLD SWAMP AND BOTTOM-LAND SOILS 

The most fertile land in Saline county is found in the broad, flat valleys. 
Most of it is an alluvial formation and is largely subject to overflow. Each 
overflow brings in some new deposit which serves continually to enrich the soil. 
The overflows do some damage to property, especially to growing crops, but 
they do not cause extensive damage as they usually occur in early spring before 
the land is prepared for crops, and recede quickly. This group of soils found 
in the valleys includes the bottom land along streams, the swamps, and the 
poorly drained lowlands. Drainage is the most important factor in the use of 
this land for agricultural purposes. In wet seasons water stands in all the low 
spots and on the level land, so saturating the soil for extended periods that plant 
development is seriously hampered. Dredging and tiling have relieved the 
condition in some areas. More of this work could profitably be done. 

This group of soils is divided into five types which cover an area of 137.13 
square miles, or about 35 percent of the total area of the county. 
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Deep Gray Silt Loam (1331) 

Deep Gray Silt Loam is the common bottom-land soil of southern Illinois. 
It is generally distributed over this county and occupies areas varying in width 
from a few rods to more than a mile. It usually forms the overflow land im- 
mediately adjacent to streams. It overflows several times almost every year, 
and often receives a slight deposit of new material. Deep Gray Silt Loam, 
Bottom, covers an area of 70.2 square miles. 

A soil which is continually receiving new deposit is not uniform, has no 
well-defined horizons, and is spoken of as a young soil. Deep Gray Silt Loam, 
Bottom, is a young soil and, as it varies considerably thruout its area, ean be 
described only in general terms. 

The surface soil, averaging about 6 inches but varying from 2 to 12 inches, 
is a friable, light yellowish gray silt loam. The areas near the present stream 
channels sometimes contain an appreciable amount of fine sand to a depth of 
4 or 5 inches. Below the surface the soil is a friable, mealy, light gray silt loam: 
Areas which do not receive frequent deposits have developed a compact, silty 
clay horizon 2 or 3 inches thick which lies about 20 inches below the surface. 

Management.—Deep Gray Silt Loam, Bottom, is a productive soil when the 
moisture conditions are such as to allow the normal growth of crops. The first 
considerations in its management are protection against overflow and provision 
for drainage. Both of these call for cooperative action. 

The acidity of this type varies, depending on location with reference to 
the hilly region in the southeastern part of the county. The tributaries flowing 
out of this hilly region, in which a few limestone outcrops occur, apparently 
carry sufficient lime in solution to affect the reaction of the bottoms subject to 
overflow by their waters. These bottom lands vary from slight to medium in 
acidity, while the bottoms which receive overflow from the glaciated region 
to the north vary from medium to strong in acidity. 

After the overflow problem has been taken eare of, it is suggested that 
limestone be applied in accordance with the need as shown by tests, and that 
clover be grown as a source of nitrogen and organic matter, in both of which 
this soil is deficient. No mineral fertilizer treatment is advised at present, ex- 
cept on a trial basis. 


Mixed Loam (1354) 


Mixed Loam has been mapped in the bottom lands of the smaller streams, 
principally in the unglaciated area of the county. This type of soil is variable 
as to texture and composition, is subject to frequent overflow, and often the 
surface material is changed after a heavy rain. The type occupies 11.59 square 
miles. ; 
Mixed Loam is the youngest soil in the county and has no true profile 
development. The surface soil is usually yellow in color. It is mostly silt but 
contains some coarse and fine sand. At about 20 inches the yellow color changes 
to gray and very seldom is there much sand present. Mixed Loam is usually 
well drained. 
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Management.—This type varies in degree of acidity. It is a productive 
soil, easily farmed because of its sand content, and should be managed in the 
same way as suggested for Deep Gray Silt Loam, Bottom. / 


Drab Clay Loam (1321) 


Drab Clay Loam occupies the low, flat, and swampy land in the preglacial 
valleys, covering an area of 30.17 square miles. It overflows each year, the 
water forming shallow ponds which do not dry up until summer. It is an 
alluvial soil formed thru the deposition of the finer particles in back water or 
in water without current. 

The surface soil to a depth of 4 to 6 inches is a plastic, black or dark drab 
clay loam. Often an inch or so of silt is found on the surface, owing to a recent 
deposit. Below this to a depth of 18 to 20 inches a heavy, plastic, grayish drab 
clay is found. Below 20 inches the soil changes to a very plastic, grayish yellow 
clay. 

Management.—Drab Clay Loam is usually not acid, owing to frequent over- 
flow. It is productive, but because of its heavy texture is not so easily farmed 
as the two preceding types. Tile, if installed, should probably be put not over 
4 rods apart and 30 inches deep; thus installed, they would eliminate the open 
ditches which are now used to remove excess water. It is particularly important 
to maintain a good supply of fresh organic matter in this soil, as it tends easily 
to get into poor physical condition. The best utilization of this land requires 
that it be protected from flood water. After this protection has been afforded, 
then the nitrogen and organic matter needs of the soil may be met by growing 
clover at regular intervals, limestone may be appled as it becomes necessary, 
and tile may be installed as time and other considerations permit. 


Yellow-Gray Silt Loam On Clay (1334.1) 

Yellow-Gray Silt Loam On Clay occupies an area about a mile wide along 
each side of the two main tributaries of Saline river, and is found in smaller 
areas near Rector creek. The soil is of alluvial formation, slightly higher than 
the surrounding land, and not subject to such frequent overflow as Mixed Loam 
and Drab Clay Loam. Water never remains on this type for any length of 
time, and very seldom is there any deposit left. The land has been heavily 
covered with timber, chiefly oak, for many years. This type covers an area of 
16.21 square miles. 

The A, horizon, or surface soil, 0 to 4 inches, is a friable silt loam, brownish 
gray or yellowish brown as the type approaches Brown Silt Loam On Clay 
or Drab Clay Loam, and yellowish gray on the tops of the low ridges and near 
the stream channels. The A, ‘horizon, or subsurface soil, 4 to 16 inehes, is a 
slightly compact, yellowish gray clayey silt loam. The B horizon, or subsoil 
below 16 inches, is a very compact, plastic, yellow clay. 

Management.—Yellow-Gray Silt Loam On Clay varies considerably in pro- 
ductive capacity depending on its topographic position. The flat areas have 
a more impervious subsoil than the undulating areas and are less productive. 
This type is strongly acid and is low in nitrogen and organic matter. Three 
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to four tons of limestone per acre should be applied, and clover grown at fre- 
quent intervals. After this has been done, trial should be made of one or more 
of the phosphates with particular reference to wheat, and it would also be well 
to try one of the potash salts for corn applied at the rate of about 100 pounds 
an acre. 


Brown Silt Loam On Clay (1326.1) 

Brown Silt Loam On Clay, when properly drained and cared for, is the 
most fertile land in the county. It is found chiefly along Rector creek in Plain- 
view township (Township 7 South, Range 7 East). Smaller areas occur as 
slight knolls in the large areas of Drab Clay Loam. It covers 8.96 square miles. 

The A, horizon, or surface soil, 0 to 8 inches, is a friable, grayish brown 
to black, heavy silt loam. The A, horizon, or subsurface soil, 8 to 16 inches, 
is a slightly compact, plastic, silty clay loam. The B horizon, or subsoil, 16 to 
24 inches, is a compact, plastic, brownish yellow clay. The C horizon, or lower 
subsoil, below 24 inches, is a compact, plastic, yellow clay. 

Management.—Brown Silt Loam On Clay usually is not acid, and is fairly 
well supplied with organic matter. Clover, as a source of nitrogen and fresh 
-organie matter, should be grown at frequent intervals. If this is done, it is 
questionable whether any fertilizing materials can be used at the present time 
at a profit, excepting, of course, farm manure, which should always be care- 
fully conserved and returned to the land. 


RESIDUAL SOILS 
Residual soils are confined entirely to the unglaciated region. They are of 
little agricultural value as they cannot be cropped with any success. Their 
topography is extremely rough and they can, no doubt, be most economically 
utilized by growing timber. Some areas may be used as pasture, and where 
limestone is the outcropping rock, it may serve as a source of material to sweeten 
sour or acid soil. This group of soils covers an area of 13.02 square miles. 


Stony Loam (098) 

Stony Loam occupies the steep slopes and gullies where erosion has removed 
most or all of the loess and residual soil material. The stones vary from a few 
inches to several feet in diameter and lie thick on the ground. This soil type 
comprizes 12.45 square miles. It is of little agricultural value, its only use, 
aside from the growing of timber, being for pasture. 


Rock Outcrop (099) 

Rock Outerop is not considered a type of soil, for it is merely the exposure 
of rocks on the surface. These rocks occur most often as perpendicular ledges, the 
horizontal width of which is often exaggerated on the soil map in order to show 
the boundary lines. The outcrops are chiefly sandstone; limestone is exposed in 
deep ravines and at the base of bluffs but is always capped by sand stone. This 
limestone may be crushed, ground, and used to correct the acidity of sour soils. 


APPENDIX 


EXPLANATIONS FOR INTERPRETING THE SOIL SURVEY 
CLASSIFICATION OF-SOILS 


In order intelligently to interpret the soil maps, the reader must under- 
stand something of the method of soil classification upon which the survey is 
based. Without going far into details the following paragraphs are intended 
to furnish a brief explanation of the general plan of classification used. 

The soil type is the unit of classification. Each type has definite charac- 
teristics upon which its separation from other types is based. These character- 
istics are inherent in the strata, or ‘‘horizons,’’ which constitute the soil profile 
in all mature soils.* Among them may be mentioned color, structure, texture, 
and chemical composition. Other items which may assist in the differentiation 
of types, but which are not fundamental to it, are native vegetation (whether 
timber or prairie), topography, and geological origin and formation. 

Since some of the terms used in designating the factors which are taken 
into account in establishing soil types are technical in nature, the following defi- 
nitions are introduced: 


Horizon. A layer or stratum of soil whieh differs discernibly from those adjacent in 
color, texture, structure, chemical composition, or a combination of these characteristics, is 
called an horizon. In describing a matured soil, three horizons designated as A, B, and C 
are usually considered. 

A designates the upper horizon and, as developed under the conditions of a humid, tem- 
perate climate, represents the layer of extraction or eluviation; that is to say, material in 
solution or in suspension has passed out of this zone thru the processes of weathering. 

B represents the layer of concentration or illuviation; that is, the layer developed as a 
result of the accumulation of material thru the downward movement of water from the A 
horizon. 

C designates the layer lying below the B horizon and in which the material has been less 
affected by the weathering processes. 

Frequently differences within these strata or zones are discernible, in which case they 
are subdivided and described under such designations as A, and A,, B, and B,, ete. : 

Soil Profile. The soil section as a whole is spoken of as the soil profile. 


Depth and Thickness. The horizons or layers which make up the soil profile vary in 
depth and thickness. These variations are distinguishing features in the separation of soils 
into types. ; 

Physical Composition. The physical composition, sometimes referred to as ‘‘texture,’’ 
is a most important feature in characterizing a soil. The texture depends upon the rela- 
tive proportions of the following physical constituents: clay, silt, fine sand, sand, gravel, 
stones, and organic material. 

Structure. The term ‘‘structure’’ has reference to the aggregation of particles within 
the soil mass and carries such qualifying terms as open, granular, compact, columnar, laminated. 

Organic-Matter Content. The organic matter of soil is derived largely from plant 
tissue and it exists in a more or less advanced stage of decomposition. Organie matter 
forms the predominating constituent in certain soils of swampy formation. 

Color. Color is determined to a large extent by the proportion of organic matter, but 
at the same time it is modified by the mineral constituents, especially by iron compounds. 

Reaction. The term ‘‘reaction’’ refers to the chemical state of the soil with respect 
to acid or alkaline condition. It also involves the idea of degree, as strongly acid or 
strongly alkaline. 

Carbonate Content. The carbonate content has reference to the calcium carbonate 
(limestone) present, which in some cases may be associated with magnesium or other ear- 
bonates. The depth at which carbonates are found may become a very important factor 
in determining the soil type. 


7 Topography. Topography has reference to the lay of the land, as level, rolling, 
hilly, ete. 
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Native Vegetation, The vegetation or plant growth before being disturbed by man, 
as prairie grasses and forest trees, is a feature frequently recognized as determining soil 
types. 

Geological Origin. Geological origin involves the idea of character of rock materials 
composing the soil as well as the method of formation of thé soil material. 


Not infrequently areas are encountered in which type characters are not 
distinctly developed or in which they show considerable variation. When these 
variations are considered to have sufficient significance, type separations are 
made whenever the areas involved are sufficiently large. Because of the almost 
infinite variability occurring in soils, one of the exacting tasks of the soil sur- 
veyor is to determine the degree of variation which is allowable for any given 
type. 

Classifying Soil Types—In the system of classification used, the types fall 
first into four general groups based upon their geological relationships; namely, 
upland, terrace, swamp and bottom land, and residual. These groups may be 
subdivided into prairie soils and timber soils, altho as a matter of fact this sub- 
division is applied in the main only to the upland group. ‘These terms are all 
explained in the foregoing part of the report in connection with the description 
of the particular soil types. 


Naming and Numbering Soil Types.—In the Illinois soil survey a system 
of nomenclature is used which is intended to make the type name convey some 
idea of the nature of the soil. Thus the name ‘‘Yellow-Gray Silt Loam’’ car- 
ries in itself a more or less definite description of the type. It should not be 
assumed, however, that this system of nomenclature makes it possible to devise 
type names which are adequately descriptive, because the profile of mature 
soils is usually made up of four or more horizons and it is impossible to describe 
each horizon in the type name. The color and texture of the surface soil are 
usually included in the type name and when material such as sand, gravel, or rock 
lies at a depth of less than 30 inches, the fact is indicated by the word ‘‘on,’’ and 
when its depth exceeds 30 inches, by the word ‘‘over’’; for example, Brown 
Silt Loam On Gravel, and Brown Silt Loam Over Gravel. 

As a further step in systematizing the listing of the soils of Illinois, recog- 
nition is given to the location of the types with respect to the geological areas 
in which they occur. According to a geological survey made many years ago, 
the state has been divided into seventeen areas with respect to geological forma- 
tion and, for the purposes of the soil survey, each of these areas has been as- 
signed an index number. The names of the areas together with their general 
location and their corresponding index numbers are given in the following list. 


000 Residual, soils formed in place thru disintegration of rocks, and also rock outcrop 

100 Unglaciated, including three areas, the largest being in the south end of the state 

200 Illimoisan moraines, including the moraines of the Illinoisan glaciations 

300 Lower Illinoisan glaciation, covering nearly the south third of the state 

400 Middle Illinoisan glaciation, covering about a dozen counties in the west-central part 
of the state : 

500 Upper Illinoisan glaciation, covering about fourteen counties northwest of the middle 
Tllinoisan glaciation 

600 Pre-Iowan glaciation, but now believed to be part of the upper Illinoisan 

700 Iowan glaciation, lying in the central northern end of the state Py 

800 Deep loess areas, including a zone a few miles wide along the Wabash, Illinois, and 
Mississippi rivers ; , Ney. 

900 Early Wisconsin moraines, including the moraines of the early Wisconsin glaciation 

1000 Late Wisconsin moraines, including the moraines of the late Wisconsin glaciation 
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1100 Early Wisconsin glaciation, covering the greater part of the northeast quarter of the 
state ; 

1200 Late Wisconsin glaciation, lying in the northeast corner of the state 

1300 Old river-bottom and swamp lands, found in the older or Illinoisan glaciation 

1400 Late river-bottom and swamp lands, those of the Wisconsin and Iowan glaciations 

1500 Terraces, bench or second bottom lands, and gravel outwash plains 

1600 Lacustrine deposits, formed by Lake Chicago, the enlarged glacial Lake Michigan 


Further information regarding these geological areas is given in connection 
with the general map mentioned above and published in Bulletin 123 (1908). 

Another set of index numbers is assigned to the classes of soils as based 
upon physical composition. The following list contains the names of these classes 
with their corresponding index numbers. 


Index Number Limits Class Names 
OOS Dine vss ichdhaterand etn Saks cwlewy eee ace, eine Peats 

LO tO: 12)3's.0 caio-etss lenient bax eiewiseceatan iit oreomare Peaty loams 
BS told sch. doe seo eee tae ek eee es Mucks 

U5 GO) U9 s..: s Sayre! sj rawle che pragpre Foie tebiepsee stakes Clays 

SO: 0 (242s. pin arate aisielAre cvetairare eae ire nae Clay loams 

BS GOS EO sass s wicte nis wise aioe st otalehe arate erate Silt loams 
SOO DO. wat aiavelevs, Hevereete peelawteata ae cieivientoaaie Loams 

CRIM OM AURIDe e gcca Corner rine rearssc Sandy loams 
SOV tO! SOs a asc aise ttane eae tater Palettes alate Sands 

DOO! £02 OF o\cace akere'n, whic Piers, ea Seaton eae Gravelly loams 
DEG) OF gx. a Sip. ares Ai athe 6: wine’ 5,5 a nae eles erat arate Gravels 

DB sivhetare'c ase tdichere Win elves filet ate ¥ fe 87a Diaerwes hiataherl Stony loams 
OG cdie ste eimerd 0S alpine pla wid lecals stv pl eieteieiate ae Rock outcrop 


As a convenient means of designating types and their location with respect 
to the geological areas. of the state, each type is given a number made up of 
a combination of the index numbers explained above. This number indicates 
the type and the geological area in which it occurs. The geological area is always 
indicated by the digits of the order of hundreds while the balance of the num- 
ber designates the type. To illustrate: the number 1126 means Brown Silt Loam 
in the early Wisconsin glaciation, 434 means Yellow-Gray Silt Loam of the mid- 
dle Illinoisan glaciation. These numbers are especially useful in designating 
very small areas on the map and as a check in reading the colors. 

A complete list of the soil types occurring in each county, along with their 
corresponding type numbers and the area covered by each type, will be found 
in the respective county soil reports in connection with the maps. 


SOIL SURVEY METHODS 

Mapping of Soil Types—tIn conducting the soil survey, the county consti- 
tutes the unit of working area. The field work is done by parties of two to four 
men each. The field season extends from early in April to Thanksgiving. Dur- 
ing the winter months the men are engaged in preparing a copy of the soil map 
to be sent to the lithographer, a copy for the use of the county farm adviser until 
the printed map is available, and a third copy for use in the office in order to 
preserve the original official map in good condition. 

An accurate base map for field use is necessary for soil mapping. These 
maps are prepared on a scale of one inch to the mile, the official data of the 
original or subsequent land survey being used as the basis in their construction. 
Each surveyor is provided with one of these base maps, which he carries with 
him in the field; and the soil type boundaries, together with the streams, roads, 
railroads, canals, town sites, and rock and gravel quarries are placed in their’ 
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proper location upon the map while the mapper is on the area. With the rapid 
development of road improvement during the past few years, it is almost in- 
evitable that some recently established roads will not appear on the published 


soil map. Similarly, changes in other artificial features will occasionally occur 


in the interim between the preparation of the map and its publication. The 
detail or minimum size of areas which are shown on the map varies somewhat, 
but in general a soil type if less than five acres in extent is not shown. 

A soil auger is carried by each man with which he can examine the soil to 
a depth of 40 inches. An extension for making the auger 80 inches long is taken 
by each party, so that the deeper subsoil may be studied. Each man earries a 
compass to aid in keeping directions. Distances along roads are measured by 
a speedometer or other measuring device, while distances in the field away from 
the roads are measured by pacing. 


Sampling for Analysis—After all the soil types of a county have been 
located and mapped, samples representative of the different types are collected 
for chemical analysis. The samples for this purpose are usually taken in three 
depths; namely, 0 to 624 inches, 624 to 20 inches, and 20 to 40 inches, as 
explained in connection with the discussion of the analytical data on page 7. 


PRINCIPLES OF SOIL FERTILITY 


Probably no agricultural fact is more generally known by farmers and land- 
owners than that soils differ in productive power. A fact of equal importance, 
not so generally recognized, is that they also differ in other characteristics such 
as response to fertilizer treatment and to management. 

The soil is a dynamic, ever-changing, exceedingly complex substance made 
up of organic and inorganic materials and teeming with life in the form of 
microorganisms. Because of these characteristics, the soil cannot be considered 
as a reservoir into which a given quantity of an element or elements of plant 
food can be poured with the assurance that it will respond with a given increase 
in crop yield. In a similar manner it cannot be expected to respond with per- 
fect uniformity to a given set of management standards. To be productive a soil 
must be in such condition physically with respect to structure and moisture as 
to encourage root development; and in such condition chemically that injurious 
substances are not present in harmful dmounts, that a sufficient supply of the 
elements of plant food become available or usable during the growing season, 
and that lime materials are present in sufficient abundance favorable for the 
growth of the higher plants and of the beneficial microorganisms. Good soil 
management under humid conditions involves the adoption of those tillage, crop- 
ping, and fertilizer treatment methods which will result in profitable and per- 
manent crop production on the soil type concerned. 

The following paragraphs are intended to state in a brief way some of the 
principles of soil management and treatment which are fundamental to profitable 
and continued productivity. 


CROP REQUIREMENTS WITH RESPECT TO PLANT-FOOD MATERIALS 
Ten of the chemical elements are known to be essential for the growth of 
the higher plants. These are carbon, hydrogen, oxygen, mtrogen, phosphorus, 
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TaBLE 5.—PLANtT-Foop ELEMENTS IN CoMMON Farm Crops! 


Produce Nitrogen] Phos- | Sulfur | Potas- | Magne-|Calcium} Iron 
Kind “Amouae phorus sium sium 

lbs. lbs lbs. lbs. Ibs. lbs. lbs. 
Wheat, grain..... 1 bu. 1.42 24 .10 .26 .08 .02 01 
Wheat straw...... 1 ton 10.00 1.60 2.80 | 18.00 1.60 3.80 .60 
Corn, grain’... © a. 1 bu. 1.00 ad .08 nae |!) .07 .O1 .O1 
Corn stover....... 1 ton 16.00 2.00 2.42 | 17.33 3.33 7.00 1.60 
Corn CODS\.... wea 1 ton 4 OOS. pts wiera ane 4.00.5. sce lla chee eiaare ih 
Oats, grain. casi. 1 bu. .66 a let .06 .16 04 .02 Ol 
Oat RtrAW so .s ssi. ss 1 ton 12.40 2.00 4.14] 20.80 2.80 6.00 a2, 
Clover seed....... 1 bu. 1.75 DO: lm Oteee-s yf) 25 LSA. 
Clover hay.....<.. 1 ton 40.00 5.00 3.28 | 30.00 7.75 | 29.25 1.00 
Soybean seed...... Ibu. | 3.22 .39 27) 1.26 15 ure 
Soybean hay...... 1 ton 43.40 4.74 5.18 | 35.48} 138.84.)5 besa. 
Alfalfa hay........| 1 ton 52.08 4.76 5.96 | 16.64 8.00 |. 2226 a1. 


1These data are brought together from various sources. Some allowance must be made for the exactness of the 
figures because samples representing the same kind of crop or the same kind of material frequently exhibit considerable 
variation. 


sulfur, potassium, calcium, magnesium, and iron. Other elements are absorbed 
from the soil by growing plants, including manganese, silicon, sodium, aluminum, 
chlorin, and boron. It is probable that these-latter elements are present in 
plants for the most part, not because they are required, but because they are 
dissolved in the soil water and the plant has no means of preventing their en- 
trance. There is some evidence, however, which indicates that certain of these 
elements, notably manganese, silicon, and boron, may be either essential but 
required in only minute quantities, or very beneficial to plant growth under 
certain conditions, even tho not essential. Thus, for example, manganese has 
produced marked increases in crop yields on heavily limed soils. Sodium also 
has been found capable of partially replacing potassium in ease of a shortage 
of the latter element 

Table 5 shows the requirements of some of our most common field crops 
with respect to seven important plant-food elements furnished by the soil. The 
figures show the weight in pounds of the various elements contained in a bushel 
or in a ton, as the case may be. From these data the amount of an element re- 
moved from an acre of land by a crop of a given yield can easily be computed. 


PLANT-FOOD SUPPLY 
Of the elements of plant food, three (carbon, oxygen,-and hydrogen) are 
secured from air and water, and the others from the soil. Nitrogen, one of the 
elements obtained from the soil by all plants, may also be secured from the 
air by the class of plants known as legumes, in case the amount liberated from 
the soil is insufficient ; but even these plants, which include only the clovers, peas, 
beans, and vetches among our common agricultural plants, are dependent upon 
the soil for the other six elements (phosphorus, potassium, magnesium, calcium, 
iron, and sulfur), and they also utilize the soil nitrogen so far as it becomes 

soluble and available during their period of growth. 
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TABLE 6,—PLANT-Foop ELEMENTS IN Manure, Rovucn FEEps, AND FEerTIuizEers! 


Pounds of plant food per ton 
Mitocal of material 
Nitrogen Phosphorus Potassium 


LOSES Soon 10 2 8 


LOS SRO oe Oe 16 2 ale 
OO REC, ood 286 00 SESE oe 1Z 2 21 
WITS RRIORES IMENT CNS oc sic cosas sc et's ce cn ecbe ces 10 2 18 
MOEN NST ays» o)n arse eo on 60.6 0.0pve, ne 40 5 30 
renee ae WEN so lb) cp SSS 43 5 33 
JMS GE 9 50 4 24 
Sweet clover (water-free basis)?................. 80 8 28 
TOPIC EMEPAISEMEI Pelco csc core p aves civ nweess Ue ei te een atl Ne hy etiore 
RECA Dae Oe Pence We Hem 2 ae dee 
RoCR Oe TL CAC Ce eS ee AOE ble Rte hivon ) Whi ke cine 
DA WM SMMEMTCRNT CE ae o's csuelevcise ane 'y ss bee sn 80 {ROVE |e Ae 
PHSAMCONONe INGA s.\.); oc. s so. ek cp eelas dees 20 250M Oh A cout 
PUA MROCEEBUORDURUOS cc cc sje c cee ca ees cecus|) wee’ 250. vite see 
Date PETERSON oc icYaises poi Goss wee ss| aden. 1D ein peal aad vo 
ARR ETMAEAM OUT ns oi), ic avras ie deeots| a remede | aweees 850 
POR Re LL DAA lab ile Aa ee I Un re  ( 850 
Pe a es | (a 200 
NVOOCMMSUEBERUUNIOHORCA). oo. ccc cue ve eccevsces| | nneve 10 100 


1See footnote to Table 5. 
Young second year’s growth ready to plow under as green manure. 
*Wood ashes also contain about 1.000 pounds of lime (calcium carbonate) per ton. 


The vast difference with respect to the supply of these essential plant-food 
elements in different soils is well brought out in the data of the Illinois soil 
survey. For example, it has been found that the nitrogen in the surface 6% 
inches, which represents the plowed stratum, varies in amount from 180 pounds 
per acre to more than 35,000 pounds. In like manner the phosphorus content 
varies from about 420 to 4,900 pounds, and the potassium ranges from 1,530 
to about 58,000 pounds. Similar variations are found in all of the other essen- 
tial plant-food elements of the soil. 

With these facts in mind it is easy to understand how a deficiency of one 
of these elements of plant food may become a limiting factor of crop production. 
When an element becomes so reduced in quantity as to become a limiting factor 
of production, then we must look for some outside source of supply. Table 6 
is presented for the purpose of furnishing information regarding the quantity 
of some of the more important plant-food elements contained in materials most 
commonly used as sources of supply. 


LIBERATION OF PLANT FOOD 
The chemical analysis of the soil gives the invoice of plant-food elements 


_aetually present in the soil strata sampled and analyzed, but the rate of libera- 


tion is governed by many factors, some of which may be controlled by the farmer, 


while others are largely beyond his control. Chief among the important con- 


trollable factors which influence the liberation of plant food are the choice of 
erops to be grown, the use of limestone, and the incorporation of organic matter. 
Tillage, especially plowing, also has a considerable effect in this connection. 
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Feeding Power of Plants——Different species of plants exhibit a very great 
liversity in their ability to obtain plant food directly from the insoluble 
uinerals of the soil. As a class, the legumes—especially such biennial and 
verennial legumes as red clover, sweet clover, and alfalfa—are endowed with 
musual power to assimilate from mineral sources such elements as caleitum 
nd phosphorus, converting them into available forms for the crops that follow. 
‘or this reason it is especially advantageous to employ such legumes in connee- 
ion with the application of limestone and rock phosphate. Thru their growth 
nd subsequent decay large quantities of the mineral elements are liberated for 
he benefit of the cereal crops which follow in the rotation. Moreover, as an 
ffect of the deep-rooting habit of these legumes, mineral plant-food elements 
re brought up and rendered available from the vast reservoirs of the lower 
ubsoil. 

Effect of Limestone-—Limestone corrects the acidity of the soil and supplies 
alcium, thus encouraging the development not only of the nitrogen-gathering 
yacteria which live in the nodules on the roots of clover, cowpeas, and other 
egumes, but also the nitrifying bacteria, which have power to transform the 
inavailable organic nitrogen into available nitrate nitrogen. At the same time, 
he products of this decomposition have power to dissolve the minerals contained 
n the soil, such as potassium and magnesium compounds. 

Organic Matter and Biological Action.—Organie matter may be supplied 
hru animal manures, consisting of the excreta of an'mals and usually aeccom- 
yanied by more or less stable litter; and by plant manures, including green- 
nanure crops and cover crops plowed under, and also crop residues such as stalks, 
traw, and chaff. The rate of decay of organie matter depends largely upon its 
uge, condition, and origin, and it may be hastened by tillage. The chemical 
inalysis shows correctly the total organic carbon, which constitutes, as a rule, 
out little more than half the organic matter; so that 20,000 pounds of organic . 
carbon in the plowed soil of an acre corresponds to nearly 20 tons of organic 
natter. But this organic matter consists largely of the old organic residues that 
rave accumulated during the past centuries because they were resistant to decay, 
and 2 tons of clover or cowpeas plowed under may have greater power to liberate 
plant-food materials than 20 tons of old, inactive organic matter. The history of 
che individual farm or field must be depended upon for information concerning 
recent additions of active organic matter, whether in applications of farm 
manure, in legume crops, or in sods of old pastures. 

The condition of the organic matter of the soil is indicated to some extent 
by the ratio of carbon to nitrogen. Fresh organic matter recently incorporated 
with the soil contains a very much higher proportion of carbon to nitrogen than 
lo the old resistant organic residues of the soil. The proportion of carbon to 
nitrogen is higher in the surface soil than in the corresponding subsoil, and in 
veneral this ratio is wider in highly productive soils well charged with active 
organic matter than in very old, worn soils badly in need of active organic matter. 

The organic matter furnishes food for bacteria, and as it decays certain 
decomposition products are formed, including much carbonic acid, some nitrous 
acid, and various organic acids, and these acting upon the soil have the power to 
dissolve the essential mineral plant foods, thus furnishing available phosphates, 
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nitrates, and other salts of potassium, magnesium, calcium, ete., for the use of 
the growing crop. 

Effect of Tillage —Tillage, or cultivation, also hastens the liberation of plant- 
food elements by permitting the air to enter the soil. It should be remembered, 
however, that tillage is wholly destructive, in that it adds nothing whatever to 
the soil, but always leaves it poorer, so far as plant-food materials are concerned. 
Tillage should be practiced so far as is necessary to prepare a suitable seed bed 
for root development and also for the purpose of killing weeds, but more than 
this is unnecessary and unprofitable; and it is much better actually to enrich 
the soil by proper applications of limestone, organic matter, and other fertilizing 
materials, and thus promote soil conditions favorable for vigorous plant growth, 
than to depend upon excessive cultivation to accomplish the same object at the 
expense of the soil. 


PERMANENT SOIL IMPROVEMENT 
According to the kind of soil involved, any comprehensive plan contemplat- 
ing a permanent system of agriculture will need to take into account some of 
the following considerations. 


The Application of Limestone 

The Function of Limestone—In considering the application of limestone 
to land it should be understood that this material functions in several different 
ways, and that a beneficial result may therefore be attributable to quite diverse 
causes. Limestone provides calcium, of which certain crops are strong feeders. 
It corrects acidity of the soil, thus making for some crops a much more favorable 
environment as well as establishing conditions absolutely required for some of 
the beneficial legume bacteria. It accelerates nitrification and nitrogen fixation. 
It promotes sanitation of the soil by inhibiting the growth of certain fungous 
diseases, such as corn-root rot. Experience indicates that it modifies either 
directly or indirectly the physical structure of fine-textured soils, frequently to 
their great improvement. Thus, working in one or more of these different ways, 
limestone often becomes the key to the improvement of worn lands. 

Amounts to Apply.—Acid soils should be treated with limestone whenever 
such application is at all practicable. The initial application varies with the 
degree of acidity and will usually range from 2 to 6 tons an acre. The larger ~ 
amounts will be needed on strongly acid soils, particularly on land being pre- 
pared for alfalfa. When sufficient limestone has been used to establish condi- 
tions favorable to the growth of legumes, no further applications are necessary 
until the acidity again develops to such an extent as to interfere with the best 
growth of these crops. This will ordinarily be at intervals of several years. In 
the case of an inadequate supply of magnesium in the soil, the occasional use 
of magnesian (dolomitic) limestone would serve to correct this deficiency. 


Otherwise, so far as present knowledge indicates, either form of limestone— 


high-calcium or magnesian—will be equally effective, depending upon the purity 


and fineness of the respective stones. 


How to Ascertain the Need for Limestone.—One of the most reliable indi- 
cations as to whether a soil needs limestone is the character of the growth of 
certain legumes, particularly sweet clover and alfalfa. These crops do not thrive 
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in acid soils. Their successful growth, therefore, indicates the lack of sufficient 
acidity in the soil to be harmful. In ease of their failure to grow the soil should 
be tested for acidity as described below. A very valuable test for ascertaining 
the need of a soil for limestone is found in the potassium thiocyanate test for 
soil acidity. It is desirable to make the test for carbonates along with the acidity 
test. Limestone is calcium carbonate, while dolomite is the combined carbonates 
of calcium and magnesium. The natural occurrence of these carbonates in the 
soil is sufficient assurance that no limestone is needed, and the acidity test will 
be negative. On lands which have been treated with limestone, however, the 
surface soil may give a positive test for carbonates, owing to the presence of un- 
decomposed pieces of limestone, and at the same time a positive test for acidity 
may be secured. Such a result means either that insufficient limestone has been 
added to neutralize the acidity, or that it has not been in the soil long enough 
to entirely correct the acidity. In making these tests, it is desirable to examine 
samples of soil from different depths, since carbonates may be present, even in 
abundance, below a surface stratum that is acid. Following are the directions 
for making the tests: 


The Potassium Thiocyanate Test for Acidity. This test is made with a 4-percent solu- 
tion of potassium thiocyanate in aleohol—4 grams of potassium thiocyanate in 100 cubic 
centimeters of 95-percent alcohol... When a small quantity of soil shaken up in a test tube 
with this solution gives a red color the soil is acid and limestone should be applied. If the 
solution remains colorless the soil is not acid. An excess of water interferes with the reac- 
tion. The sample when tested, therefore, should be at least as dry as when the soil is in 
good tillable condition. For a prompt reaction the temperature of the soil and solution 
should be not lower than that of comfortable working conditions (60° to 75° Fahrenheit). 


The Hydrochloric Acid Test for Carbonates. Take a small representative sample of 
soil and pour upon it a few drops of hydrochloric (muriatic) acid, prepared by diluting the 
concentrated acid with an equal volume of water. The presence of limestone or some other 
earbonates will be shown by the appearance of gas bubbles within 2 or 3 minutes, producing 
foaming or effervescence. The absence of carbonates in a soil is not in itself evidence that 
the soil is acid or that limestone should be applied, but it indicates that the confirmatory 
potassium thiocyanate test should be carried out. 


The Nitrogen Problem ; 

Nitrogen presents the greatest practical soil problem in American agricul- 
ture. Four important reasons for this are: its increasing deficiency in most 
soils; its cost when purchased on the open market; its removal in large amounts 
by crops; and its loss from soils thru leaching. Nitrogen usually costs from 
four to five times as much per pound as phosphorus. A 100-bushel erop of corn 
requires 150 pounds of nitrogen for its growth, but only 23 pounds of phos- 
phorus. The loss of nitrogen from soils may vary from a few pounds to over 
one hundred pounds per acre, depending upon the treatment of the soil, the 
distribution of rainfall, and the protection afforded by growing crops. 

An inexhaustible supply of nitrogen is present in the air. Above each acre 
of the earth’s surface there are about sixty-nine million pounds of atmospheric 
nitrogen. The nitrogen above one square mile weighs twenty million tons, an 
amount sufficient to supply the entire world for four or five decades. This large 
supply of nitrogen in the air is the one to which the world must eventually turn. 


*Since undenatured alcohol is difficult to obtain, some of the denatured alcohols have 
been tested for making this solution. Completely denatured alcohol made over U. S. Form- 
ulas No. 1 and No. 4, have been found satisfactory. Some commercial firms are also offering 
similar preparations which are satisfactory. 


1926] — SALINE CouNTY 31 


There are two methods of collecting the inert nitrogen gas of the air and 
combining it into compounds that will furnish products for plant growth. These 
are the chemical and the biological fixation of the atmospheric nitrogen. Farm- 
ers have at their command one of these methods. By growing inoculated legumes, 
nitrogen may be obtained from the air, and by plowing under more than the 
roots of these legumes, nitrogen may be added to the soil. 

Inasmuch as legumes are worth growing for purposes other than the fixation 
of atmospheric nitrogen, a considerable portion of the nitrogen thus gained 
miay be considered a by-product. Because of that fact, it is questionable whether 
the chemical fixation of nitrogen will ever be able to replace the simple method 
of obtaining atmospheric nitrogen by growing inoculated legumes in the pro- 
duction of our great grain and forage crops. 

It may well be kept in mind that the following amounts of nitrogen are 
required for the produce named: 
bushel of oats (grain and straw) requires 1 pound of nitrogen. 
bushel of corn (grain and stalks) requires 14% pounds of nitrogen. 
bushel of wheat (grain and straw) requires 2 pounds of nitrogen. 
ton of timothy contains 24 pounds of nitrogen. 
ton of clover contains 40 pounds of nitrogen. 
ton of cowpea hay contains 43 pounds of nitrogen. 
ton of alfalfa contains 50 pounds of nitrogen. 
ton of average manure contains 10 pounds of nitrogen. 


ton of young sweet clover, at about the stage of growth when it is plowed under as 
green manure, contains, on water-free basis, 80 pounds of nitrogen. 


HHH EHH eee 


The roots of clover contain about half as much nitrogen as the tops, and the 
roots of cowpeas contain about one-tenth as much as the tops. Soils of mod- 
erate productive power will furnish as much nitrogen to clover (and two or three 
times as much to cowpeas) as will be left in the roots and stubble. In grain 
erops, such as wheat, corn, and oats, about two-thirds of the nitrogen is con- 
tained in the grain and one-third in the straw or stalks. 


The Phosphorus Problem 


The element phosphorus is an indispensable constituent of every living cell. 
It is intimately connected with the life processes of both plants and animals, the 
nuclear material of the cells being especially rich in this element. 

The phosphorus content of the soil is dependent upon the origin of the soil. 
The removal of phosphorus by continuous cropping slowly reduces the amount 
of this element in the soil available for crop use, unless its addition is provided 
for by natural means, such as overflow, or by agricultural practices, such as the 
addition of phosphatic fertilizers and rotations in which deep-rooting, leguminous 
crops are frequently grown. 

It should be borne in mind in connection with the application of phosphate, 
or of any other fertilizing material, to the soil, that no benefit can result until 
the need for it has become a limiting factor in plant growth. For example, if 
there is already present in the soil sufficient available phosphorus to produce a 
forty-bushel crop, and the nitrogen supply or the moisture supply is sufficient 
for only forty bushels, or less, then extra phosphorus added to the soil cannot 
increase the yield beyond this forty-bushel limit. 
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There are several different materials containing phosphorus which are 
applied to land as fertilizer. The more important of these are bone meal, acid 
phosphate, natural raw rock phosphate, and basic slag. Obviously that carrier 
of phosphorus which gives the most economical returns, as considered from all 
standpoints, is the most suitable one to use. Altho this matter has been the 
subject of much discussion and investigation the question still remains unset- 
tled. Probably there is no single carrier of phosphorus that will prove to be 
the most economical one to use under all circumstances because so much de- 
pends upon soil conditions, crops grown, length of haul, and market conditions. 

Bone meal, prepared from the bones of animals, appears on the market in 
two different forms, raw and steamed. Raw bone meal contains, besides the 
phosphorus, a considerable percentage of nitrogen which adds a useless expense 
if the material is purchased only for the sake of the phosphorus. As a source 
of phosphorus, steamed bone meal is preferable to raw bone meal. Steamed bone 
meal is prepared by extracting most of the nitrogenous and fatty matter from 
the bones, thus producing a more nearly pure form of calcium phosphate con- 
taining about 10 to 12 percent of the element phosphorus. 

Acid phosphate is produced by treating rock phosphate with sulfuric acid. 
The two are mixed in about equal amounts; the product therefore contains 
about one-half as much phosphorus as the rock phosphate itself. Besides phos- 
phorus, acid phosphate also contains sulfur, which is likewise an element of 
plant food. The phosphorus in acid phosphate is more readily available for 
absorption by plants than that of raw rock phosphate. Acid phosphate of good 
quality should contain 6 percent or more of the element phosphorus. 

Rock phosphate, sometimes called floats, is a mineral substance found in 
vast deposits in certain regions. The phosphorus in this mineral exists chem- 
ically as tri-calecium phosphate and a good grade of the rock should contain 
121% percent, or more, of the element phosphorus. The rock should be ground 
to a powder, fine enough to pass thru a 100-mesh sieve, or even finer. 

The relative cheapness of raw rock phosphate, as compared with the treated 
or acidulated material, makes it possible to apply for equal money expenditure 
considerably more phosphorus per acre in this form than in the form of acid 
phosphate, the ratio being, under the market conditions of the past several years, 
about 4 to 1. That is to say, under these market conditions, a dollar will pur- 
chase about four times as much of the element phosphorus in the form of rock 
phosphate as in the form of acid phosphate, which is an important consideration 
if one is interested in building up a phosphorus reserve in the soil. As explained 
above, more very carefully conducted comparisons on various soil types under 
various cropping systems are needed before definite statements can be given as 
to which form of phosphate is most economical to use under any given set of 
conditions. 

Basic slag, known also as Thomas phosphate, is another carrier of phos- 
phorus that might be mentioned because of its considerable usage in Europe 
and eastern United States. Basie slag phosphate is a by-product in the manu- 
facture of steel. It contains a considerable proportion of basic material and 
therefore it tends to influence the soil reaction. 
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Rock phosphate may be applied at any time during a rotation, but it is 
applied to the best advantage either preceding a crop of clover, which plant 
seems to possess an unusual power for assimilating the phosphorus from raw 
phosphate, or else at a time when it can be plowed under with some form of 
organie matter such as animal manure or green manure, the decay of which 
serves to liberate the phosphorus from its insoluble condition in the rock. It is 
important that the finely ground rock phosphate be intimately mixed with the 
organic material as it is plowed under. 

In using acid phosphate or bone meal in a cropping system which includes 
wheat, it is a common practice to apply the material in the preparation of the 
wheat ground. It may be advantageous, however, to divide the total amount 
to be used and apply a portion to the other crops of the rotation, particularly 
to corn and to clover. 


The Potassium Problem 


Our most common soils, which are silt loams and clay loams, are well stocked 
with potassium, altho it exists largely in a slowly soluble form. Such soils as 
sands and peats, however, are likely to be low in this element. On such soils 
this deficiency may be remedied by the application of some potassium salt, such 
as potassium sulfate, potassium chlorid, kainit, or other potassium compound, 
and in many instances this is done at great profit. 

From all the facts at hand it seems, so far as our great areas of common 
soils are concerned, that, with a few exceptions, the potassium problem is not 
one of addition but of liberation. The Rothamsted records, which represent the 
oldest soil experiment fields in the worid, show that for many years other 
soluble salts have had practically the same power as potassium salts to increase 
crop yields in the absence of sufficient decaying organic matter. Whether this 
action relates to supplying or liberating potassium for its own sake, or to the 
power of the soluble salt to increase the availability of phosphorus or other 
elements, is not known, but where much potassium is removed, as in the entire 
crops at Rothamsted, with no return of organic residues, probably the soluble 
salt functions in both ways. 

Further evidence on this matter is furnished by the Illinois experiment 
field at Fairfield, where potassium sulfate has been compared with kainit both 
with and without the addition of organic matter in the form of stable manure. 
Both sulfate and kainit produced a substantial increase in the yield of corn, 
but the cheaper salt—kainit—was just as effective as the potassium sulfate, and 
returned some financial profit. Manure alone gave an increase similar to that 
produced by the potassium salts, but the salts added to the manure gave very 
little increase over that produced by the manure alone. This is explained in 
part, perhaps, by the fact that the potassium removed in the crops is mostly 
returned in manure properly cared for, and perhaps in larger part by the fact 
that decaying organic matter helps to liberate and hold in solution other plant- 
food elements, especially phosphorus. 

In laboratory experiments at the Illinois Experiment Station, it has been 
shown that potassium salts and most other soluble salts increase the solubility of 
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the phosphorus in soil and in rock phosphate; also that the addition of glucose 
with rock phosphate in pot-culture experiments increases the availability of the 
phosphorus, as measured by plant growth, altho the glucose consists only of car- 
bon, hydrogen, and oxygen, and thus contains no limiting element of plant food. 

In considering the conservation of potassium on the farm it should be re- 
membered that in average livestock farming the animals destroy two-thirds of 
the organic matter and retain one-fourth of the nitrogen and phosphorus from 
the food they consume, but that they retain less than. one-tenth of the potassium ; 
so that the actual loss of potassium in the products sold from the farm, either 
in grain farming or in livestock farming, is negligible on land containing 25,000 
pounds or more of potassium in the surface 624 inches. 


The Calcium and Magnesium Problem 

When measured by crop removals of the plant-food elements, calcium is 
often more limited in Illinois soils’ than is potassium, while magnesium may be 
oceasionally. In the ease of calcium, however, the deficiency is likely to develop 
more rapidly and become much more marked because this element is leached 
out of the soil in drainage water to a far greater extent than is either magnesium 
or potassium. 

The annual loss of limestone from the soil depends, of course, upon a num- 
ber of factors aside from those which have to do with climatie conditions. 
Among these factors may be mentioned the character of the soil, the kind of 
limestone, its condition of fineness, the amount present, and the sort of farming 
practiced. Because of this variation in the loss of lime materials from the soil, 
it is impossible to prescribe a fixed practice in their renewal that will apply uni- 
versally. The tests for acidity and carbonates described above, together with the ~ 
behavior of such lime-loving legumes as alfalfa and sweet clover, will serve as 
general indicators for the frequency of applying limestone and the amount to 
use on a given field. 

Limestone has a positive value on some soils for the plant food which it 
supplies, in addition to its value in correcting soil acidity and in improving the 
physical condition of the soil. Ordinary limestone (abundant in the southern 
and western parts of the state) contains nearly 800 pounds of caleium per ton; 
while a good grade of dolomitie limestone (the more common limestone of north- 
ern Illinois) contains about 400 pounds of calcium and 300 pounds of magnesium 
per ton. Both of these elements are furnished in readily available form in 
ground dolomitic limestone. 


The Sulfur Question 

In considering the relation of sulfur in a permanent system of soil fertility 
it is important to understand something of the cycle of transformations that this 
element undergoes in nature. Briefly stated this is as follows: 

Sulfur exists in the soil in both organie and inorganic forms, the former 
being gradually converted to the latter form thru bacterial action. In this 
inorganic form sulfur is taken up by plants which in their physiological pro- 
cesses change it once more into an organic form as a constituent of protein. 
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When these plant proteins are consumed by animals, the sulfur becomes a part 
of the animal protein. When these plant and animal proteins are decomposed, 
either thru bacterial action, or thru combustion, as in the burning of coal, the 
sulfur passes into the atmosphere or into the soil solution in the form of sulfur 
dioxid gas. This gas unites with oxygen and water to form sulfurie acid, which 
is readily washed back.into the soil by the rain, thus completing the cycle, from 
soil—to plants and animals—to air—to soil. 

In this way sulfur becomes largely a self-renewing element of the soil, altho 
there is a considerable loss from the soil by leaching. Observations taken at the 
Illinois Agricultural Experiment Station show that 40 pounds of sulfur per 
acre are brought into the soil thru the annual rainfall. With a fair stock of 
sulfur, such as exists in our common types of soil, and with an annual return, 
which of itself would more than suffice for the needs of maximum crops, the 
maintenance of an adequate sulfur supply presents little reason at present for 
serious concern. There are regions, however, where the natural stock of sulfur 
in the soil is not nearly so high and where the amount returned thru rainfall is 
small. Under such circumstances sulfur soon becomes a limiting element of 
erop production, and it will be necessary sooner or later to introduce this sub- 
stance from some outside source. .Investigation is now under way to determine 
to what extent this situation may apply under Illinois conditions. 


Physical Improvement of Soils 


In the management of most soil types, one very important matter, aside from 
proper fertilization, tillage, and drainage, is to keep the soil in good physical 
condition, or good tilth. The constituent most important for this purpose is 
organic matter. Organic matter in producing good tilth helps to control wash- 
ing of soil on rolling land, raises the temperature of drained soil, increases the 
moisture-holding capacity of the soil, slightly retards capillary rise and conse- 
quently loss of moisture by surface evaporation, and helps to overcome the 
tendency of some soils to run together badly. 

The physical effect of organic matter is to produce a granulation or mellow- 
ness, by cementing the fine soil particles into crumbs or grains about as large 
as grains of sand, which produces a condition very favorable for tillage, percola- 
tion of rainfall, and the development of plant roots. 

Organic matter is undergoing destruction during a large part of the year 
and the nitrates produced in its decomposition are used for plant growth. Altho 
this decomposition is necessary, it nevertheless reduces the amount of organic 
matter, and provision must therefore be made for maintaining the supply. The 
practical way to do this is to turn under the farm manure, straw, cornstalks, 
weeds, and all or part of the legumes produced on the farm. The amount of 
legumes needed depends upon the character of the soil. There are farms, espe- 
cially grain farms, in nearly every community where all legumes could be turned 
under for several years to good advantage. 

Manure should be spread upon the land as soon as possible after it is pro- 
duced, for if it is allowed to lie in the barnyard several months as is so often 
the case, from one-third to two-thirds of the organic matter will be lost. 
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Straw and cornstalks should be turned under, and not burned. There is 
considerable evidence indicating that on some soils undecomposed straw applied 
in excessive amount may be detrimental. Probably the best practice is to apply 
the straw as a constituent of well-rotted stable manure. Perhaps no form of 
organic matter acts more beneficially in producing good tilth than cornstalks. It 
is true, they decay rather slowly, but it is also true that their durability in the 
soil is exactly what is needed in the production of good tilth. Furthermore, 
the nitrogen in a ton of cornstalks is one and one-half times that of a ton of 
manure, and a ton of dry cornstalks incorporated in the soil will ultimately 
furnish as much humus as four tons of average farm manure. When burned, 
however, both the humus-making material and the nitrogen are lost to the soil. 

It is a common practice in the corn belt to pasture the cornstalks during 
the winter and often rather late in the spring after the frost is out of the ground. 
This trampling by stock sometimes puts the soil in bad condition for working. 
It becomes partially puddled and will be cloddy as a result. If tramped too 
late in the spring, the natural agencies of freezing and thawing and wetting 
and drying, with the aid of ordinary tillage, fail to produce good tilth before 
the crop is planted. Whether the crop is corn or oats, it necessarily suffers, and 
if the season is dry, much damage may be done. If the field is put in corn, a 
poor stand is likely to result, and if put in oats, the soil is so compact as to be 
unfavorable for their growth.. Sometimes the soil is worked when too wet. This 
also producés a partial puddling which is unfavorable to physical, chemical, and 
biological processes. The effect becomes worse if cropping has reduced the 
organic matter below the amount necessary to maintain good tilth. 


Systems of Crop Rotations 


In a program of permanent soil improvement one should adopt at the outset 
a good rotation of crops, including, for the reasons discussed above, a liberal 
use of legumes. No one can say in advance for every particular ease what will 
prove to be the best rotation of crops, because of variation in farms and farmers 
and in prices for produce. As a general principle the shorter rotations, with 
the frequent introduction of leguminous crops, are the better adapted for build- 
ing up poor soils. 

Following are a few suggested rotations which may serve as models or out- 
lines to be modified according to special circumstances. 


Six-Year Rotations 


First year —Corn 

Second year —Corn 

Third year —Wheat or oats (with clover, or clover and grass) 
Fourth year —Clover, or clover and grass 

Fifth year -—Wheat (with clover), or grass and clover 

Siath year —Clover, or clover and grass 


Of course there should be as many fields as there are years in the rotation. 
In grain farming, with small grain grown the third and fifth years, most of the 
unsalable products should be returned to the soil, and the clover may be clipped 
and left on the land or returned after threshing out the seed (only the clover 
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seed being sold the fourth and sixth years) ; or, in livestock farming, the field 
may be used three years for timothy and clover pasture and meadow if desired. 
The system may be reduced to a five-year rotation by cutting out either the sec- 
ond or the sixth year, and to a four-year system by omitting the fifth and sixth 
years, as indicated below. 


Five-Year Rotations 


First year —Corn 

Second year —Wheat or oats (with clover, or clover and grass) 
Third year —Clover, or clover and grass 

Fourth year —Wheat (with clover), or clover and grass 

Fifth year —Clover, or clover and grass 


First year —Corn 

Second year —Corn 

Third year —Wheat or oats (with clover, or clover and grass) 
Fourth year —Clover, or clover and grass 

Fifth year —wWheat (with clover) 


First year —Corn 

Second year —Cowpeas or soybeans 
Third year —Wheat (with clover) 
Fourth year —Clover 

Fifth year —Wheat (with clover) 


The last rotation mentioned above allows legumes to be grown four times. 
Alfalfa may be grown on a sixth field for five or six years in the combination 
rotation, alternating between two fields every five years, or rotating over all the 
fields if moved every six years. 


Four-Year Rotations 


First year —Corn First year —Corn 

Second year —Wheat or oats (with clover) Second year —Corn 

Third year —Clover Third year —Wheat or oats (with clover) 
Fourth year —Wheat (with clover) Fourth year —Clover 

First year —Corn First year —Wheat (with clover) 
Second year —Cowpeas or soybeans Second year —Clover 

Third year —Wheat (with clover) Third year —Corn 

Fourth year —Clover . ‘Fourth year —Oats (with clover) 


Alfalfa may be grown on a fifth field for four or eight years, which is to 
be alternated with one of the four; or the alfalfa may be moved every five years, 
and thus rotated over all five fields every twenty-five years. 


Three-Year Rotations 


First year —Corn First year —Wheat or oats (with clover) 
Second year —Oats or wheat (with clover) Second year —Corn 
Third year —Clover Third year —Cowpeas or soybeans 


By allowing the clover, in the last rotation mentioned, to grow in the spring 
before preparing the land for corn, we have provided a system in which legumes 
grow on every acre every year. This is likewise true of the following suggested 
two-year system: 


Two-Year Rotations 


First year —Oats or wheat (with sweet clover) 
Second year —Corn 
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Altho in this two-year rotation either oats or wheat is suggested, as a matter 
of fact, by dividing the land devoted to small grain, both of these crops can be 
grown simultaneously, thus providing a three-crop system in a two-year cycle. 

It should be understood that in all of the above suggested cropping systems 
it may be desirable in some eases to substitute rye for the wheat or oats. Or, in 
some eases, it may become desirable to divide the acreage of small grain and 
grow in the same year more than one kind. In all of these proposed rotations 
the word clover is used in a general sense to designate either red clover, alsike 
clover, or sweet clover. The value of sweet clover, especially as a green manure 
for building up depleted soils, as well as a pasture and hay-crop, is becoming 
thoroly established, and its importance in a crop-rotation program may well 
be emphasized. é 


ee 


SUPPLEMENT: EXPERIMENT FIELD DATA 


(Results from Experiment Fields on Soil Types Similar to Those Occurring in 
Saline County) 


The University of Illinois has operated altogether about fifty soil experi- 
ment fields in different sections of the state and on various types of soil. Altho 
some of these fields have been discontinued, the large majority are still in 
operation. It is the present purpose to report the results from certain of these 
fields located on types of soil described in the accompanying soil report. 

A few general explanations at this point, which apply to all the fields, will 
relieve the necessity of numerous repetitions in the following pages. 


Size and Arrangement of Fields 


The soil experiment fields vary in size from less than two acres up to 40 acres 
or more. They are laid off into series of plots, the plots commonly being either 
one-fifth or one-tenth acre in area. Lach series is occupied by one kind of crop. 
Usually there are several series so that a crop rotation can be carried on with 
every crop represented every year. 


Farming Systems 

On many of the fields the treatment provides for two distinct systems of 
farming, livestock farming and grain farming. 

In the livestock system, stable manure is used to furnish organic matter 
and nitrogen. The amount applied to a plot is based upon the amount that can 
be produced from crops raised on that plot. 

In the grain system no animal manure is used. The organic matter and 
nitrogen are applied in the form of plant manures, including the plant residues 


produced, such as cornstalks, straw from wheat, oats, clover, ete., along with 


leguminous catch crops plowed under. It is the plan in this latter system to 
remove from the land, in the main, only the grain and seed produced, except in 
the ease of alfalfa, that crop being harvested for hay the same as in the livestock 


- system. 


Crop Rotations 


Crops which are of interest in the respective localities are grown in definite 


- rotations. The most common rotation used is wheat, corn, oats, and clover; 


and often these crops are accompanied by alfalfa growing on a fifth series. In 
the grain system a legume catch crop, usually sweet clover, is included, which 
is seeded on the young wheat in the spring and plowed under in the fall or in 
the following spring in preparation for corn. If the red clover crop fails, soy- 
beans are substituted. 

32 
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Soil Treatment 

The treatment applied to the plots has, for the most part, been standard- 
ized according to a rather definite system, altho deviations from this system 
occur now and then, particularly in the older fields. 

Following is a brief explanation of this standard system of treatment. 

Animal manures.—Animal manures, consisting of exereta from animals, 
with stable litter, are spread upon the respective plots in amounts proportionate 
to previous crop yields, the applications being made in the preparation for corn. 

Plant Manures.—Crop residues produced on the land, such as stalks, straw, 
and chaff, are returned to the soil, and in addition a green-manure crop of sweet 
clover is seeded in‘small grains to be plowed under in preparation for corn. (On 
plots where limestone is lacking the sweet clover seldom survives.) This practice 
is designated as the residues system. 


Mineral Manures.—The yearly acre-rates of application have been: for 
limestone, 1,000 pounds; for raw rock phosphate, 500 pounds; and for potas- 
sium, usually 200 pounds of kainit. When kainit was not available, owing to 
conditions brought on. by the World war, potassium carbonate was used. The 
initial application of limestone has usually been 4 tons per aere. 


Explanation of Symbols Used 
Untreated land or check plots 
Manure (animal) 
Residues (from crops, and includes legumes used as green manure) 
Limestone 
Phosphorus, in the form of rock phosphate unless otherwise designated ; 
(aP —acid phosphate, bP = bonemeal, rP =- rock phosphate, sP = slag 
phosphate) 
Potassium (usually in the form of kainit) 
Nitrogen (usually in the form contained in dried blood) 
Legumes used as green manure 
Parentheses enclosing figures signify tons of hay, as distinguished from 
bushels of seed 


In discussions of this sort of data, financial profits or losses based upon 
assigned market values are frequently considered. However, in view of the 
erratic fluctuations in market values—especially in the past few years—it seems 
futile to attempt to set any prices for this purpose that are at all satisfactory. - 
The yields are therefore presented with the thought that with these figures at 
hand the financial returns from a given practice can readily be computed upon 
the basis of any set of market values that the reader may choose to apply. 
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THE RALEIGH FIELD 
A University soil experiment field is located in Saline county immediately 
south of Raleigh. This field has been in operation since 1910. It comprizes 
14 acres of light-colored, loessial soils characteristic of the region. The soil type 
indicated on the county map is Yellow-Gray Silt Loam. With accumulating 
experience in the soil survey, however, certain soil characteristics have come 
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to attention which formerly were not recognized and which, in some instances, 
call for modifying the classification shown by the county soil map. Thus a 
more detailed examination has revealed the presence of what now may be re- 
garded as four distinguishable soil types on the Raleigh field; namely, Yellow- 
Gray Silt Loam On Tight Clay, Gray Silt Loam On Tight Clay, Gray Silt Loam 
On Orange-Mottled Plastic Clay, and Deep Gray Silt Loam. The distribution 
of these soil types as well as the arrangement of plots is charted on the accom- 
panying diagram (Fig. 2). The topography, or lay of the land, is indicated 
on the diagram by contour lines. The land has been tiled and the drainage 
is good. 

The field is laid out into four series of 10 plots each. Fortunately the 
plot series run fairly parallel with the soil types in such manner that the 100 
Series is located mainly on Gray Silt Loam On Tight Clay, the 200 and 300 
Series are almost entirely confined to Yellow-Gray Silt Loam On Tight Clay, 
and the 400 Series lies mainly on Gray Silt Loam On Orange-Mottled Plastic 
Clay. The plots are under a four-crop rotation system of wheat, corn, oats, 
and clover. In the event of clover failure either soybeans or cowpeas have been 
substituted as the legume crop. The soil treatments are as indicated in the 
accompanying diagram and tables, and until 1922 they were applied in the 
manner described above. In 1922 the return of the wheat straw in the residue 
system was discontinued. In the same year the regular application of lime- 
stone was suspended until such time as it appears to be needed again. In 1923 
the rock phosphate was evened up on all phosphate plots to a total application of 
41/4, tons an acre, and the applications were discontinued for an indefinite period. 

At this time the plots were divided into west and east halves for the pur- 
pose of instituting some new investigations designed to help solve some of the 
problems that have arisen during the course of the experiments. The west halves 
were continued under their original treatments, while the east halves were given 
over to a study of the phosphate question. The particular treatments on the 
divided plots are shown in Table 8. 

The yields of all the crops grown since the beginning of the experiments 
are placed on record in Tables 7 and 8. For convenience in studying the effects 
of the treatments, the results are summarized and presented in Table 9, which 
shows the average annual yields for the several kinds of crops, including the 
years since the complete plot treatments have been in effect. This summary 
includes all of the results of Table 7, together with those in Table 8, which 
pertain to the west half-plots. 

A study of these data brings out the following comments concerning the 
effects of the various treatments on the Raleigh field: 

1. The untreated plots are conspicuous in their low yields. 

2. All the different kinds of crops show some response to the application 
of stable manure, altho the beneficial effect varies greatly. 

3. Crop residues used alone have been of very little effect. 

4. Limestone stands out in its effect as the most prominent agency in soil 
improvement. 

5. The combination of residues and limestone has produced yields almost 
as high as that of manure and limestone. | 
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Fig. 3.—CorN ON THE RALEIGH FIELD 


At the right no treatment has been applied; at the left, manure, limestone, and phos- 
phate have been applied, the major effect being produced by the limestone and manure. 


Fig. 4—CoRN ON THE RALEIGH FIELD © 


The treatment here is the same as that shown in Fig. 3 except that no manure is used, the 
organic matter being supplied by crop residues, including stalks, straw, and legumes plowed 
under. 
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TaBLE 8.—RALEIGH FIELD: 1924-1925 
Annual Crop Yields—Bushels or (tons) per acre 


1924 1925 
Serial ve Series | Series | Series] Series | Series | Series | Series | Series 
plot Soil treatment 100 | 200 | 300 | 400 100 | 200 | 300 | 400 
No. Oats | Corn | Wheat} Clover |Timothy-| Oats | Corn | Wheat 
clover 
Be Uber eo tocctce toes: 162G3}) eZ .3 | (0.00) | (0.00) | 12-85 47-4 7) 1.8 
"RS Op Sa Bed parte Seae ee 5 18.8; 1.4] 1.2] (0.00) | (0.00) ] T7cose2220)) 6.3 
DoW Mes Ra ee oe ener 32.8 | 7.8] 3.2] (0.00) | ( 144) 2550562970) 7.3 
20) | MrP V7 eeeten tere 35.6 .6} 7.51 (0.00) | ( 229) (eSanOeiet 6) 10.5 
3 W ise aes nae ae: 50.3 | 33.2 | 10.7 | (1.31) | (024) eae 22a. 5 
Diet | NUDE soon sero ce eect 50.6 | 26.8 | 13.5 | (1.64) | (1.80) | 46.9 | 44.0 | 33.7 
4 Wi IWEEMPLS estan creerewee 57.5 | 34.4 | 15.8 | (1.42) | (2.387) | 46:9 7387.0 | 26.7 
C9 fea YB ede ere y 5. om ar ce 50.9 | 27.6 | 17.3 |. (1.78) || (2.09) | 49.7 | 44.8 | 34.3 
BOW HOSS eibae isto atretent reves 29.1} 2.2] 0.0.) (0.00) | (.40)Si eee ese lies. 
Siu» A Ra Pew cchaereta eee teres 28.1 1} 5.31. (0.00) | (O.00)M2ieeateteezsieis.S 
GOW Ronan eaeer ert on 29.1 | 6.0] 1.2) (0.00) | ( .32) 0) 22eeeezOsOni ors 
Gil) HRI rn com eens tie 26.6 | 2.0] 6.3 | (0.00) | (0:00) ni/aerye aaa siz. 7 
Wi LAR ere erate oe rater 47.8 | 33.0 7.3 | (1.41) | (.00) 4 S2e2 87-2") 22.0 
Vip) ea heal Drv ches Amo eet f 54.1 | 38.2 | 14.0 | ( .28) | ( .99) | 43.8 | 38.6 | 28.5 
SOW) REPPS seamen es 58.1 | 32.2 | 9.2 | ( .57) | (168) (e4anORieaeegei26).7 
SE REDE eer tre seactens 50 45.6 | 11.2 | ( .87) | (1.37) ) 45.95sba22)) 31.8 
OW v'| RabrPlicle acnaeioe nt 57.2 | 41.4 | 14.0 | (1.25) | (1.98) | 423siea2es | 2852 
9E |RLrP!K-Gypsum...... 50.9 | 45.2 | 18.3 | (1.47) | (1.70) | 48.8 | 60.4 | 34.7 
LONW 9 | Oeereeto et aercter Bice arte 16.6 2.6 1.5 | (0.00) | (0.00) | 15.6 | 24.4| 9.2 
LOM RrP ase cans eee 17.5 {13.2 | 4.2] (0.00) | (0.00)M4aai galeGese 2.7 


‘Residual phosphate. 


6. A very small crop increase in every case has attended the application 
of phosphate, but this increase is not sufficient to cover the cost of the rock 
phosphate used. As mentioned above, the phosphate problem is now being. 


TasBie 9.—RALEIGH FIELD: Summary or Crop YIELps 
Average”"Annual Yields 1911-1925—Bushels or (tons) per acre 


Serial Corn Oats Wheat Clover! | Soybeans! 
plot Soil treatment 

No. 16 crops 15 crops | 10 crops 7 crops 6 crops 
DO eccad era tae Ce Ie 15.7 10.3 5.3 C1 (61) 
2° Mix t seas cone ate einai 28.2 14.2 7.6 ae ( .80) 
3: (MD orth ere cee 41.9 23.3 20.6 (1.36) (1.22) 
ZAI 03 Oats orion aio bc 43.0 24.3 22.1 (1.58) (1.38) 
By NOG 85 suagutves sy tae ee eiie res 16.3 11.4 6.1 (280) ( .40) 
6: SIR kde cret cies ees 19.9 13.7 79 ( .10) ( .50) 
Tes (BL a ee eee 36.6 23.6 19.0 ( .96) (ac. 91) 
8) CRP eres reterateereer ttre 39.9 25.9 21:3 (1.00) (1.06) 
9° “|RETRK Sane hee ee 46.0 26.4 24.2 (1.22) | (1.11) 
10 253,| OS Fed tee sewer treisineks ens sie Oe: 19.5 paeltsb 6.4 (15) (_ .65) 


1Including several seed crops evaluated in this summary as hay. 
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made the subject of special investigation on these plots. The residual effect of 
phosphate previously applied, on the one hand, and new applications under 
different methods, on the other hand, should furnish in the next few years much 
more definite information regarding the economical use of phosphate than now 
exists. 

7. Potassium in the form of kainit has likewise increased the yield of all 
crops, particularly the corn, wheat, and clover. At current prices the value of 
the increase is just about offset by the cost of the kainit applied. 


Fie. 5—A Party LOOKING OVER DEMONSTRATIONS IN SOIL MANAGEMENT 
ON THE RALEIGH EXPERIMENT FIELD 


Regarding the cropping system employed on this field, it may be said that 
altho it serves fairly well for experimental purposes in determining the needs 
of the soil, for farming practice it doubtless could be improved, either by sub- 
stituting a more profitable crop for the oats, or by rearranging the crop sequence 
and omitting the oats. 


THE SPARTA FIELD 


As representative of experimental results on the soil type Light Gray Silt 
Loam On Tight Clay, data from certain plots on the Sparta experiment field 
are introduced here. The Sparta field was established in Randolph county im- 
mediately north of the town of Sparta in 1916. The four series of plots desig- 
nated as the 100, 200, 300, and 400 Series, with the exception of parts of two 
plots, are all on the soil type mapped as Light Gray Silt Loam On Tight Clay. 
They are under a crop rotation of corn, soybeans, wheat, and clover (chiefly 
sweet clover). Until 1921 is was the practice to seed cowpeas as a cover crop 
in the corn on the residues plots. The soil treatments are as indicated in the 
accompanying table, and they have been applied in the manner previously 
described, with the exception that the initial application of limestone was 5 tons 
an acre and in 1922 the periodic application of this material was discontinued 
until its further need should become apparent. 

Table 10 gives a summary of the results showing the average annual yields 
for the different kinds of crops, including the years that the complete soil treat- 
ments have been in effect. 

The low yields on the untreated plots testify to the natural poverty of this 
soil, altho this particular piece of land, on account of its favorable location with 
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Taste 10.—SPARTA FIELD: Srrtes 100, 200, 300, ann 400 
Summary OF Crop YIELDS 


Average Annual Yields 1917-1925—Bushels or (tons) per acre 
————— 


Serial Corn Soybeans! | Wheat Clover Sweet 
plot Soil treatment clover seed 
No. 9 crops 8 crops 7 crops 1 crop 5 crops 

DIO aeons Rivod See ae 15.6 ( .62) 5.4 (0.00) ~ 0.00 
DUM Oe aay tc cee eM te 19.4 ( .80) 7.8 (0.00) 0.00 
Si UME So aie aan nha oR rat ae 29.8 (1.47) Lio (1.66) 1.60 
AS GLa Pekin ne atone Oe nee 30.8 (1.47) a I gaie (1.73) 1.38 
Daal URN Reebok ore 13.4 (<2) 5.5 (0.00) 0.00 
BP ORL ord cote tace cts vars avse apr 16.3 ( .61) 5.5 (0.00) 0.00 
Ce NRRL 5 We reuse 23.3 (1.28) 16.2 (1.50) 1317 
coh saad fk Sn soe Aisi eee 23.4 (1.38) Ea (1.87) 1.41 
Oy RPS ets il renee 29.2 (1.40) 18.3 (1.69) 1.86 
LAUDE UMP eine neta eck ac abc 11.4 (7359) 4.6 (0.00) 0.00 


1Including several seed crops evaluated in this summary as hay. 


respect to drainage, is rather more productive than the general run of the type 
that it represents. 

Neither manure nor residues, used alone, has much effect toward crop im- 
provement. A sharp increase, however, follows the application of limestone 
used with either manure or residues. Without limestone, clover refuses to grow; 
with limestone, fair crops of clover have been obtained. Rock phosphate in addi- 
tion to limestone has produced no significant effect, used either with manure or 
with residues. 

Potassium seems to have been of some benefit to the corn but not to the 
other crops. It is questionable, however, whether the increase in corn yield 
would cover the cost of material as it was used in these experiments. It is pos- 
sible that smaller quantities applied direct to the corn crop would prove a more 
economical way to use potassium fertilizer on this soil. 


THE ELIZABETHTOWN FIELD 

The Elizabethtown experiment field was established by the University in 
1917, in the unglaciated hilly section of southern Illinois. This field is located 
in Hardin county about two miles north of Elizabethtown. The soil is of loessial 
formation, the predominating type on this field being classified as Yellow Silt 
Loam. <A detailed examination, however, shows the presence of some Yellow- 
Gray Silt Loam and also a very small patch of Stony Loam. The land is ex- 
tremely rough in topography, the contour map showing a range in elevation of 
42 feet on that part of the field occupied by the present plots. Erosion, there- 
fore, is a serious problem. The field embraces about 32 acres, of which area 
about one-half is laid off into plots. There are four series of 10 fifth-acre plots 
each, included in a major rotation. Another series of 10 tenth-acre plots is de- 
voted to another rotation, and in addition to these there are three other plots 
designated as A, B, and C, upon which a special phosphate test is being earried on. 

The major rotation formerly included corn (with rye cover erop), soy- 
beans, wheat, and sweet clover, but this was changed in 1923 to a rotation of 
corn, wheat, clover-timothy mixture, and wheat with sweet clover seeding on 
the residue plots. The plot treatments are indicated in the following table of 
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TaBLe 11.—ELIZABETHTOWN FIELD: Summary or Crop Yie.ps 
Average Annual Yields 1919-1925—Bushels or (tons) per acre 


: Wheat Wheat | Timothy- Sweet 
Serial : Corn | following | following} clover |Soybeans| clover 
plot Soil treatment legume corn mixture seed 
No. 7 crops 5 crops 3 crops 3 crops 8 crops 2 crops 
Bh Deo =} 18.6 7.8 4.9 (a2) 2.7 0.00 
Ba RYE 18.3 6.2 4.6 ek) 3.1 0.00 
2) JL Vie 33.3 14.0 9.3 ( .94) 4.2 2.59 
Neko iY B02 2S ol 40.6 18.2 9.7 (1.37) 5.2 2.42 
Wyte Ue se 2 apa 12.9 5.8 2.0 (enuy,) 220 0.00 
GIMIED Ieee It este els se eiscd'ave:e « « 15.9 5.1 2.3 ( .09) 2.5 0.00 
Geis fais: vie) s. ble «=» 34.8 12.2 Bae ( .94) 4.3 1.99 
Sle [oo wis 2 45.2 17.6 8.1 (1.37) 5.0 1.74 
Ue et bites Oe 44.8 19.3 8.3 (1.65) 4.6 1.49 
Quelle 6> See 23.6 Px 4.8 ( .05) 3.0 0.00 


results. The difficulty of obtaining satisfactory experimental data on land of 
such rough topography is obvious. There are, however, certain effects standing 
out in such bold relief as to leave no doubt as to their significance. The results 
for the different crops are summarized in Table 11. 

These results show extremely poor yields on the untreated land, with no 
improvement from the use of manure alone or residues alone. A sharp increase 
in yield, however, follows the application of limestone along with either manure 
or residues. Rock phosphate seems to have produced a beneficial effect on the 
corn, on the wheat following legumes, and on the timothy-clover mixture, in 
both the manure and the residues systems. The potassium treatment as applied 
in these experiments does not show sufficient benefit to cover the cost. The 
following general observations are of interest. The wheat following legumes has 
a much more favorable place in the rotation than the wheat following corn, which 
fact is manifested by the relative yields. Soybeans have not proved a very suc- 
cessful crop on this field. It is of interest to note that the residues system ap- 
pears to be fully as effective in building up this soil as the manure system, but 
a rational system of farming might well include livestock, in which the manure 
as well as all available crop residues would be utilized for soil improvement. 

The results from the minor rotation on Series 500 are too few to warrant 
consideration at this time. 

On Plots A, B, and C a comparison of the two carriers of phosphates, acid 
phosphate and rock phosphate, is under way. The acid phosphate is applied 
at the rate of 200 pounds an acre a year and the rock phosphate in double this 
quantity. The plots also receive residues and limestone. 

In a rotation of corn, cowpeas, and wheat, four crops of corn, three of cow- 
peas, and three of wheat can be compared at this time. It is of interest to note 
the results that thus far have been obtained, bearing in mind that the data are 
not sufficient to warrant drawing final conclusions as to which carrier of phos- 
_ phorus will prove to be the more economical to use. Table 12 presents the crop 
yields from these comparative phosphate tests covering the period since the full 
soil treatment has been applied. 
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TaBLE 12.—ELIZABETHTOWN FIELD: Comparative Test or Actip PHOSPHATE 
AND Rock PHOSPHATE 


Annual Yields of Crops Grown, 1921-1925—Bushels or (tons) per acre 


Corn Wheat Cowpeas 

oan Acid Rock Acid Rock Acid Rock 
phosphate | phosphate | phosphate | phosphate | phosphate | phosphate 

1 Ho 3) Ie et 2 28.8 28.6 Ms ae 9.2 7.8 

OOD teers 34.4 32.0 3.2 9.8 12.5 4.7 

L923. eine 32.2 46.8 18.6 14.3 10.5. <2 
1924 organics 54.6 59.2 13.3 8.8 Crea ( .80) 
EO 25s erator 60.2 62.0 8.5 10.0 ( 1.66) (1-27) 

Average... 42.0 45.7 12.4 11.9 Seed 10.7 Y fee 
Hay (1.22) (1.04) 


On the whole, the differences shown in the averages are relatively small, so 
that it may be said that after four years the data furnish no reliable indication 
as to which form of phosphate is the more effective in increasing crop yields. 


THE OLD VIENNA FIELD 


From 1902 to 1911 the University conducted an experiment field in John- 
son county, about two miles southeast of Vienna, on land that was deseribed at 
the time as ‘‘red clay, a soil typical of the hill sections of the state.’’ The soil is 
characteristic of much of the type designated as Yellow Silt Loam. The field 
comprized a tract of 5.6 acres of land rolling in topography, a portion of which 
was low and wet. It was not tile-drained. 

Previous to 1902 this land had been cultivated for about fifty years, after 
which it was said to be still capable of producing fair crops of corn and wheat. 

For the experiment work the field was laid out into three series of plots one- 
fifth acre in size, each series containing 5 plots. A crop rotation of wheat, corn, 
and cowpeas was started; but in 1905 this rotation was changed to corn, oats, 
wheat, and legumes. Cowpeas for plowing down were seeded in the corn at the 
last cultivation excepting on Plot 1. As’ the carrier of phosphorus, steamed 


TasiE 13.—OLD VIENNA FIELD: Summary or GRAIN Crops 
Average Annual Yields 1903-1911—Bushels per acre 


; Corn Wheat 

Soil treatment 9 crops 8 crops 

Qiarac St AR i Se 29.0 3.0 
LG cotati wtoneneneon Whe ta eas eae ea ee 29.8 5.7 
beLerc. cher ot comer Sa eee 39.7 10.9 
ILeLP.. 2.c¥secs 3). eae ee 37.5 13.6 
AG) Pi esl Get Ss eres Wate One ee 40.7 15.6 


bone meal was used at the rate of 200 pounds an acre a year. Potassium was 
applied in the form of potassium sulfate, this material being used at the annual 
acre rate of 100 pounds. Lime was applied in 1902 in the form of slaked lime 
at the rate of 1,800 pounds, and the following year limestone was added at the 
rate of 8 tons an acre. ) es . 
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Table 13 presents a summary giving the average annual acre yields of the 
9 corn crops and 8 wheat crops harvested after the plots had received their re- 
spective treatments. 

The great need of this land for organic matter and nitrogen is brought out 
in these results. Organic matter and nitrogen are furnished by the legumes in 
these experiments; but in order to produce a thrifty growth of legumes, it was 
necessary to apply lime. Thus, upon the addition of limestone, the corn yield 
was increased by one-third, while the wheat yield was practically doubled. In 
the ease of the corn, little or no effect was produced by the addition of either 
phosphorus or potassium treatment. In the wheat, however, an increase of 
about 3 bushels an acre a year appears upon the addition of phosphorus, and a 
further inerease of 2 bushels an acre a year upon including potassium in the 
treatment. 

The yields from the. three clover crops are not summarized here but it may 
be stated that some very fair yields of clover were obtained on the better treated 
plots. 

Altho these results furnish an indication of the most important needs of 
this land, it cannot be said that the experiments as conducted represent di- 
rectly an economical system of farming. Considering the several years in which 
the land was given over to the growth of a green manure crop when nothing 
was harvested, even the yields from the best plots would scarcely be sufficient 
to cover the cost of maintenance. However, it appears possible that by modi- 
fying the cropping plan in some manner, as for example, substituting sweet 
clover for cowpeas and giving large place in the farming system to hay and 
pasture crops, production might be substantially increased and thus a system of 
farming instituted that would represent a profitable enterprise. 


THE NEW VIENNA FIELD 


From 1906 to 1924 another experiment field, designated as the new Vienna 
field, was maintained. This field was located about a mile southeast of Vienna 
and about a half-mile west of the old Vienna field described above. It em- 
braced 16 acres of the badly ereded, hilly land characteristic of the region. 

The soil of this field is, in general, of loessial formation. It is strongly 
‘acid in reaction. A detailed examination of the area occupied by the field 
reveals three separable types, namely, Yellow Silt Loam, Yellow-Gray Silt Loam, 
and Deep Gray Silt Loam. 

The work on this field from 1906 to 1915 was concerned with an investiga- 
tion of methods of reclaiming this land primarily thru means of reducing ero- 
sion. Before taking over the field, the land, with the exception of about three 
acres, had been abandoned because so much of the surface soil had been washed 
away, and gulleying had become so bad that further cultivation was unprofit- 
able. Some of the gulleys were four or five feet deep, so that the first step in 
reclaiming the land was to fill them and thus make the slopes more uniform. 

The field was divided into five sections. The sections designated as A, B, 
and © were divided into 4 plots each, and D into 3 plots. On Section A, which 
included the steepest part of the area and contained many gullies, the land was 


52 Som Report No. 33: SUPPLEMENT . [June, 


Fic. 6.—THIs UNIMPROVED HILLSIDE OCCURS OVER THE FENCE FROM 
THE FIELD SHOWN IN Fa. 7 


built up into terraces at vertical intervals of five feet. -Near the edge of each 
terrace a small ditch was placed so that the water could be carried to a natural 
outlet without much washing, 

On Section B the so-called embankment method was used. By this method 
erosion is prevented by plowing up ridges sufficiently high so that. if the water 
breaks over, it will run over in a broad sheet rather than in rills thru narrow 
channels. At the steepest part of the slope, hillside ditches were made for ecarry- 
ing away the run-off. 


Section C was washed badly but contained only small gullies. Here the 
attempt was made to prevent washing by incorporating organic matter in the 
soil and practicing deep contour plowing and contour planting. With two ex- 
ceptions, about eight loads of manure an acre were turned under each year for 
the corn erop. 

The land on Section D was washed to about the same extent as that of sec- 
tion C. As a check on the different methods of reducing erosion, the land on 
Section D was farmed in the most convenient way, without any special effort 
being made to prevent washing. 


TaBLp 14.—NEW VIENNA FIELD: Hanpiine Hitisipr LAND To PREvENT EROSION 
Average Annual Yields 1907-1915—Bushels or (tons) per acre 


Section Method ter bh he 
A Terrace t: 5 SAR eee cle eae cones 31.4 9.0 (.68) 
B Rmbadkmorey alta hillside ditches......... 32.4 ie, (.97) 
C Organic matter, deep contour plowing, and 
COMLOUT ANN gyn eect tee em aie 27.9 Lise (.80) 


D (CHEGIG. sneha ten Sune Socleatas dacs Breet eee 14.1 4.6 (.21) 
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Fie. 7.—CoRN GROWING ON IMPROVED HILLSIDE OF THE VIENNA EXPERIMENT FIELD. 
THIs LAND FORMERLY HaD BEEN ERopED (Compare with Fig. 6) 


Section E was badly eroded and gullied and no attempt was made to crop 
it other than to fill in the gullies with brush and to seed the land to grass. 

Sections A, B, C, and D were not entirely uniform; some parts were washed 
more than others and portions of the lower-lying land had been affected by soil 
material washed down from above. When the field was secured, the higher land 
had a very low producing eapacity. On many spots little or nothing would grow. 

Limestone was applied to the entire field at the rate of 2 tons an acre. Corn, 
cowpeas, wheat, and clover were grown in a four-year rotation on each section 
excepting D which had but three plots. 

Table 14 contains a summarized statement of the results obtained. For a 
more detailed account of this work the reader is referred to Bulletin 207 of 
this Station entitled ‘‘Washing of Soils and Methods of Prevention.’’ 

These results indicate something of the possibilities in improving hillside 
land by protecting it from erosion. The average yield of corn from the pro- 
tected series (A, B, and C) was 30.6 bushels an acre, as against 14.1 bushels for 
Series D; wheat yielded 11.1 bushels in comparison with 4.6 bushels; and clover 


| .82 ton in comparison with .21 ton. 


j 


\ 


— 


A comparison of Figs. 6 and 7 will serve to indicate the possibility of im- 
proving this type of soil. 


aar wn 
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The Soil Survey of Illinois was organized under the general supervision 
of Professor Cyril G. Hopkins, with Professor Jeremiah G. Mosier directly 
in charge of soil classification and mapping. After working in association 


on this undertaking for eighteen years, Professor Hopkins died and Profes- 
sor Mosier followed two years later. The work of these two men enters so 
intimately into the whole project of the Illinois Soil Survey that it is im- 
possible to disassociate their names from the individual county reports. 
Therefore recognition is hereby accorded Professors Hopkins and Mosier for 
their contribution to the work resulting in this publication. 
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INTRODUCTORY NOTE 


It is a matter of common observation that soils vary tremendously in their 
productive power, depending upon their physical condition, their chemical com- 
position, and their biological activities. For any comprehensive plan of soil 
improvement looking toward the permanent maintenance of our agricultural 
lands, a definite knowledge of the various existing kinds or types of soil is a 
first essential. It is the purpose of a soil survey to classify the various kinds of 
soil of a given area in such a manner as to permit definite characterization for 
description and for mapping. With the information that such a survey affords, 
every farmer or landowner of the surveyed area has at hand the basis for a 
rational system of improvement of his land. At the same time the Experiment 
Station is furnished an inventory of the soils of the state, upon which intelli- 
gently to base plans for those fundamental investigations so necessary for solving 
the problems of practical soil improvement. 

This county soil report is one of a series reporting the results of the soil sur- 
vey which, when completed, will cover the state of Illinois. Each county report 
is intended to be as nearly complete in itself as it is practicable to make it, even 
at the expense of some repetition. There is presented in the form on an Appendix 
a general discussion of the important principles of soil fertility, in order to help 
the farmer and landowner to understand the significance of the data furnished 
by the soil survey and to make intelligent application of the same in the mainte- 
nance and improvement of the land. In many eases it will be of advantage to 
study the Appendix in advance of the soil report proper. 

Data from experiment fields representing the more extensive types of soil, 
and furnishing valuable information regarding effective practices in soil manage- 
ment, are embodied in form of a Supplement. This Supplement should be re- 
ferred to in connection with the descriptions of the respective soil types found 
in the body of the report. 

While the authors must assume the responsibility for the presentation of this 
report, it should be understood that the material for the report represents the 
contribution of a considerable number of the present and former members of the 
Agronomy Department working in their respective lines of soil mapping, soil 
analysis, and experiment field investigation. In this connection special recogni- 
tion is due the late Professor J. G. Mosier, under whose direction the soil survey 
of Marion county was conducted, and to Mr. H. C. Wheeler, who was in direct 
charge of the field party in the construction of the map. 
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MARION COUNTY SOILS 


By R. 8. SMITH, E. A. NORTON, E. E. DeTURK, F. C. BAUER, AnD L. H. SMITH? 


LOCATION AND CLIMATE OF MARION COUNTY 


Marion county is located in the central southern part of Illinois, near the 
center of that area commonly referred to as ‘‘Egypt.’’ The county is square in 
shape, is of medium size, and contains 565 square miles. It lies entirely within 
the geological area now thought by geologists to be of pre-Illinoisan age. 

The climate of Marion county is characterized by a wide range between the 
extremes of winter and summer and by an abundant, fairly well-distributed 
rainfall with the exception that the months of July and August are likely to be 
drouthy. In some years the rainfall during these months is excessive and comes 
in the form of thunder showers which beat the ground and are otherwise harmful. 
The average annual rainfall during the past thirty years, as computed from 
Weather Bureau stations in the vicinity of Marion county, has been 40.34 inches. 
The average rainfall by months for this period has been as follows: January, 
3.03 inches; February, 2.63; March, 3.24; April, 3.85; May, 3.98; June, 4.19;- 
July, 3.39; August, 3.57; September, 3.66; October, 3.02; November, 2.95; 
December, 2.83. 

The greatest range in temperature for any one year during the past thirty 
years, also computed from Weather Bureau stations in the vicinity of this county, 
was 126 degrees in 1899. The lowest temperature recorded was 22° below zero in 
February, 1899; the highest, 113° in July, 1901. The average date of the last 
killing frost in the spring is April 14; the earliest in the fall, October 16. The 
average length of the growing season is 185 days. 


AGRICULTURAL PRODUCTION 


Marion county is distinctly agricultural; there is no large industry of 
importance in the county other than that of farming. Farming, however, is 
tending toward specialized crops, because of certain soil characteristics and the 
influence of climate. According to the Fourteenth Census of the United States, 
there were 3,097 farms in Marion county in 1919, the average size of farm being 
106.8 acres, 90.7 of which were improved. Of these 3,097 farms, 22.8 percent 
were operated by tenants in 1919. The number of farms has decreased slightly 
in the past twenty years, and there has been also a slight decrease in tenantry 
corresponding to the decrease in farms over the same period. 

The principal crops grown in this county are fruits, hay, corn, wheat, and 
oats. The following tables show the acreage and yield of the more important 
field crops for the year of 1919, as given by the above-mentioned Census. 

1R. S. Smith, in charge of soil survey mapping; HE. A. Norton, associate. in soil survey 


_ mapping; E. E. DeTurk, in charge of soil analysis; F. C. Bauer, in charge of experiment fields; 
_L. H. Smith, in charge of publications. 
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Crops Acreage Production Yield per acre 
GOrn sate mene eter iors eae 32,052 285,994 bu. 8.9 bu. 
IW ROUE cx Memrvcstareia cehslare « diere 30,638 371,056 bu. 12.1 bu. 
StS Aah Sarceiareloaly tious © 33,059 578,532 bu. 17.5 bu. 
BY cesta ee see iawe ole. 6,0~ 2,987 25,713 bu. 8.6 bu. 
EPEIOUINY tay os aatele ate Sie suis ese 13,403 11,522 tons .86 ton 
Timothy and clover mixed.. 2,546 2,779 tons 1.09 tons 
Clover. etiaewie ah on oe vats 346 415 tons 1.20 tons 
Hedtop). «meee asleate = cree 32,184 22,803 tons .71 ton 
Silage Crops sos 2. seat hwo 819 3,250 tons 3.96 tons 
Gorn for forage... ss 05. 6s oo 10,473 11,461 tons 1.09 tons 


In considering these figures it should be borne in mind that they represent 
the yields of a single year only, those of 1919, which appears to have been an 
exceedingly poor, year for corn. Figures furnished by the U. 8. Department of 
Agriculture give the following average acre yields for the ten-year period 1911- 
1920: corn, 18.3 bushels; wheat, 12.8 bushels; oats, 18.6 bushels; tame hay, .93 
ton. Leguminous crops such as cowpeas and sweet clover have been given con- 
siderable attention during the past five years. 

Fruits, particularly apples, peaches, and strawberries, have been fairly 
remunerative in the past and give promise to be more so in the future. The 
following figures show the production in Marion county for the last Census year: 


Tree Fruits Production Small Fruits Production 

F cA pleayeacts va suntan de eile =o 170,138 bu. Strawberries ... « <. .jsetemieenan 351,938 qts. 
PGSCKEN  caracidrcve th eie-© 6) bieralera tote 27,800 bu. Raspberries « «. ««« aaa pene 4,793 qts. 
MBOATS ete eeeitens a rteeche st eierenesherg 26,519 bu. Blackberries and dewberries.. 30,410 qts. 
CHEPVIGS gle cate costs a el oils re _ 390 bu. Grapes ».s.. oecisvccs Matemeteeiias 48,248 lbs. | 


Marion county is not an important livestock county. The total value of all 
livestock and livestock products in 1919 was $3,730,776. The following figures 
from the 1920 Census show the character of the livestock interests : 


Animals and Animal Products Number Value 
HOTSOS \.5 S05 siete ete ea ales Olea BD « tae Aoreiete 11,401 $750,981 
Agere Og ER Or hr en BER PAL SOR fh oksh 1,847 157,920 
Beek Cathlen pl srsfacsleere Me wae Mie ties Bie a terete 5,340 250,497 
Dairy, Cattle sanctus. ose. atorecke Coreen etrerd ote ere eke 16,078 875,979 
UCC spars eerste ier ste.ciatine iets caine no a een ee 7,837 89,778 
DS Wile.s,..0) 2s Aenrasine iow amass sae ieee 13,488 156,939 
Higgs sands ChicKeve: tin ts ele <arsic aletels sie create sie <1 area 562,010 
Dairy ‘products 5 <simisi cas ccctd som sits y as tase oe ee 477,289 


SOIL FORMATION 
GEOLOGICAL HISTORY 


Previous to the Glacial period the country thruout the state of Illinois was 
generally rough, having been cut by numerous streams into hilly topography. 
During the Glacial period snow and ice accumulated in the region of Labrador 
and to the west of Hudson Bay in such large amounts that the mass pushed 
outward from these centers, chiefly southward. In moving across the country 
from the north, the ice gathered up all sorts and sizes of materials including 
clay, silt, sand, gravel, boulders, and even immense masses of rock. Some of these 
materials were carried several hundred miles as the ice pushed forward, and an 
immense amount of rock powder was produced by the grinding or file-like action 
of the rock material imbedded in the ice. 
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During this period at least six distinct ice advances occurred that were 
separated by long periods of time. They are listed as follows, in the order of their 
oceurrence: the Nebraskan, the Kansan, the Illinoisan, the Iowan, the early 
Wisconsin, and the late Wisconsin. While geologists have accurately traced the 
limits of advance of the later glaciations, the exact area covered by the earlier 
ones is difficult to determine because of the effect of subsequent glaciations. 

The material transported by the glaciers varied with the character of the 
rocks over which they passed. Granites, sandstones, limestones, shales, ete., were 
torn from their lodging places by the enormous denuding power of the ice sheet 
and ground up together, thus forming an immense amount of fine sediment. 
A pressure of 40 pounds a square inch is exerted by a mass of ice 100 feet thick, 
and these ice sheets were hundreds, or possibly thousands, of feet in thickness. 

The materials carried along in the ice, especially the boulders and pebbles, be- 
came powerful agents for grinding and wearing away the surface over which 
they passed. Preglacial ridges and hills were rubbed down, valleys were filled 
with debris, and the surface features entirely changed. The mixture of materials 
deposited by the glacier is known as boulder clay, till, glacial drift, or simply 
drift. 

A glacial advance prior to the Illinoisan extended over most of the state and 
-eovered Marion county. Many of the preglacial ridges or valleys were rubbed 
down or covered up with drift by this ice sheet, so that all surface indications 
of preglacial topography have been completely obliterated. The upland in the 
northern part of the county was covered to an average depth of 18 to 25 feet, 
the deposit being more shallow to the south. Along the southern border of the 
county the drift is about 12 feet deep, and on the ridges it is rarely over 10 feet 
and often no more than 5 feet. The old valleys were filled to depths of 40 to 
100 feet. The comparatively level surface thruout Marion county is the result of 
glacial denudation and deposition. 

It should be understood that the glacial drift itself makes up only part of 
the actual soil material in this county, for after the Glacial period this region 
was partially covered by a stratum of wind-blown, silty material known as loess. 
This wind-blown material was the rock flour produced by the grinding action 
of the glacier which was carried out and deposited in the flood plains and river 
bottoms during the time the glacier was melting and receding. There it dried, 
was picked up by the wind, and carried over the upland as dust. It was sorted 
and re-sorted by the wind, the coarser materials being deposited near the source 
and the finer or lighter material being carried many miles. Marion county 
received only a shallow deposit of this silty loess because it was some distance 
from any main drainage outlet. The loessial deposit probably varies from a few 
inches on the east side of the county to a few feet on the west. 

The glacial drift which has been exposed on or near the surface during the 
long interval of time which has elapsed since its deposition has weathered into 
finely divided particles with only an occasional pebble, chiefly chert, remaining. 
It is very difficult, and perhaps impossible, to distinguish between this thoroly 
weathered drift and loess. In all probability this decomposed glacial material 
has become mixed with the wind-blown, silty loess, giving the county a loess-like 
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covering varying from 20 inches in the eastern part to about 4 feet in the western 
part. On the steep slopes, where erosion has removed some or all of this loess- 
like material, the sandy, pebbly drift is exposed and forms the soil material. 


SOIL DEVELOPMENT 


Glacial till and silty loess, principally a mixture of the two, are the soil 
materials from which the soils of Marion county have been derived. The agencies 
of weathering acted upon these deposits causing the leaching of certain minerals, 
the accumulation of others, and the movement of particles into layers, zones, or 
horizons. This, with the addition of organic matter from the deeay of roots and 
other plant growth, formed the soil. 

The soil was, probably much darker in color and much more productive in 
the earlier periods of its existence than at present. As time went on two im- . 
portant changes occurred in the soil which served to reduce its productivity. 
Shrubs and trees appeared near the stream channels and in well-drained areas, 
and forests gradually spread over the prairies. In upland forests the residues 
consist mainly of fallen leaves, branches, and dead trees, which become almost 
completely destroyed either by burning or by exposure to the oxygen of the air 
and to fungi. The second important change which took place in the soil was the 
concentration of the smaller soil particles, thru the downward movement of soil 
water, into a restricted zone, known as the B horizon, until their accumulation 
impaired underdrainage. The impervious layer or ‘‘tight clay’’ thus formed 
has been commonly, tho erroneously, called ‘‘hardpan.’’ This condition caused 
the soil to become water-logged in the rainy seasons, and extremely dry during 
summer and fall, thus retarding the accumulation of organie matter. The soils 
of Marion county are characterized by a strongly developed B horizon, or ac- 
cumulative zone. 


PHYSIOGRAPHY AND DRAINAGE 


Marion county is one of the most level counties in the state. It does not have 
extremes in topography; in fact, there is less than 150 feet of difference in the 
altitude of the highest and lowest points in the county. The altitudes of some 
of the places are as follows: Centralia 500 feet above sea level; Fairman, 530; 
Kell, 607; Kinmundy, 609; Patoka, 512; Odin, 529; Salem, 546; Sandoval, 
490; Vernon, 525. There are three areas in the county, each covering 10 to 20 
square miles, which have rolling topography; one, in the southwest part of 
Kinmundy township (Township 4 North, Range 3 East); the second, the east 
half of Haines township (Township 1 North, Range 3 East) ; and the third, the 
southern part of Centralia township (Township 1 North, Range 1 East). The 
remainder of the county is flat to undulating, except for a*few preglacial knolls 
which rise from 15 to 60 feet above the surrounding country, and for slopes 
caused by recent stream erosion along the main drainage outlets. 

Marion county lies within two well-defined drainage basins, the Kaskaskia 
and Little Wabash rivers (see drainage map, Fig. 1). About 60 percent of the 
county is drained by the Kaskaskia system. The dividing line between it and 
the Little Wabash system lies in a north-south direction about three miles east of 
the center of the county, the line bending toward the northeast as it approaches 


2 


Wy 
| 


" 


aires 
a 
r\yt N ie 
“yc 


MERIDIAN 
man 


coy Peas f_Z i r 
yaa 
ale ey -34u ‘ , ef 
| Plge 


PRINCI! PAL 


ae 


a pee x Aes 
ia | NS 


Ss 


JEF 


(b) UPLAND TIMBER SOILS 


h eae Yellow-gray silt loam 


000 Residual WE, 
Yi) Brown-gray silt loam on tight clay Yellow silt loam 
200 Ridge Soils he 
300 Lower IIlinoisan Glaciation Drab silt loam [= Light gray silt loam on tight clay 
Scale 
0 ™% 2: 


2 is es Betton SOIL SURVEY MAP ({ 
UNIVERSITY OF ILLINOIS AGRICl 


orm —As0N SS. rE 
q 4 in D 
fie 3) * = 
13 i if 
330 | | y | 
bebe la awe & 
- aoe 


al 


SOILS 


[oe Rock outcrop (sandstone) 


-gray silt loam ph | Small areas rock outcrop 


(d) RESIDUAL SOILS 
d silt loam on tight clay 
Ral | 


MARION COUNTY 
URAL EXPERIMENT STATION 


i a (1 d - 
y Vp 


rs 


ALNOOOS 


(e)i300 OLD SWAMP AND BOTTOM-LAND SOILS 


Deep gray silt loam 


Mixed loam 


7 

i Drab clay loam 
i] 

I 


BAU 


1926] 84 Marion County 5 


Meridian 


Principa/ 


Third 


| Sa 


Fic. 1—Dratnace Map or Marion County SHOWING STREAM COURSES 


the northern border. Drainage of the western part of the county is west, then 
south to the Mississippi river, while that of the eastern part is south to the Ohio 
river. Surface drainage is in the early maturity stage. 

Even tho drainage channels are fairly well established thruout the county, 
underdrainage remains a difficult problem. The tight clay subsoil has proved 
to be an obstacle which yet remains economically impossible to overcome. Tiling 
is not successful and open surface ditiching is the only practical means of remov- 
ing the excess water from the land. 


SOIL GROUPS 

The soils of Marion county are classified under the following groups: 

(a) Upland Prairie Soils, including the upland soils that have not been 
covered with heavy forests. 

(b) Upland Timber Soils, including nearly all the upland areas which are’ 
now, or were formerly, covered with forests. 

(ec) Ridge Soils, including those formed on preglacial ridges under good 
drainage and well-aerated conditions. (They are designated on the map as of 
the 200 group, morainal soils.) 

(d) Residual Soils, including the rock outcrops from which the loess and 
till have been removed by erosion, 
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the northern border. Drainage of the western part of the county is west, then 
south to the Mississippi river, while that of the eastern part is south to the Ohio 
river. Surface drainage is in the early maturity stage. 

Even tho drainage channels are fairly well established thruout the county, 
underdrainage remains a difficult problem. The tight clay subsoil has proved 
to be an obstacle which yet remains economically impossible to overcome. Tiling 
is not successful and open surface ditiching is the only practical means of remov- 
ing the excess water from the land. 


SOIL GROUPS 

The soils of Marion county are classified under the following groups: 

(a) Upland Prairie Soils, including the upland soils that have not been 
covered with heavy forests. 

(b) Upland Timber Soils, including nearly all the upland areas which are’ 
now, or were formerly, covered with forests. 

(c) Ridge Soils, including those formed on preglacial ridges under good 
drainage and well-aerated conditions. (They are designated on the map as of 
the 200 group, morainal soils. ) 

(d) Residual Soils, including the rock outerops from which the loess and 
till have been removed by erosion, 
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(e) Bottom-Land Soils, including the overflow lands or flood plains along 
streams, the swamps, and the poorly drained lowlands. 


Table 1 gives the area of each type of soil in Marion county and its per- 
centage of the total area. It will be observed that about 90 percent of the county 
consists of upland prairie and upland timber soils in about equal proportions. 
The accompanying map, appearing in two sections, shows the location and 
boundary lines of the various types. 

For explanations concerning the classification of soils and the interpretation 
of the map and tables, the reader is referred to the first part of the Appendix. 


TABLE 1.—Sort Typrs or Marion County, ILLINoIs 


Soil Area in Area Percent 
type Name of type square in of total 
No. miles acres area 
(a) Upland Prairie Soils (300) 
330 |Gray Silt Loam On Tight Clay!............. 251.87 | 161 197 44.55 
328 |Brown-Gray Silt Loam On Tight Clay....... -60 384 mist 
Seu OraD Sit Loam... .)s< Nota. eee ee ete 2.82 1 805 .50 
e's 255.29 163 386 45.16 
(b) Upland Timber Soils (300) 
S54 }Vollow-Gray Silt Loam?!. 00.5... ns sh osetia 199.73 127 827 35.32 
Bab | Vellow Silt Loam:. 3:4: (a.o eee eee 41.32 26 445 7.30 
332 |Light Gray Silt Loam On Tight Clay........ 15.67 10 029 e 2t7, 
256.72 164 301 45.39 
(c) Ridge Soils (200) 
233 |Gray-Red Silt Loam On Tight Clay!......... 1.57 1 005 28 
234 ouow-Gray Silt Loam. 2) aon aero tee 2.62 1 677 -46 
4.19 2 682 74 
: (d) Residual Soils (000) 
005 {[Rork Outerop... .. . 0:5. ‘rea e eens eae 01 | 6 001 
(e) Old Swamp and Bottom-Land Soils (1300) 
133lc| Deep Gray Ailt Loam*s.:. =. 2) ee eee 24.85 15 904 4.40 
1354 Mixed Loam... Jo. 24... oes Gee ee 23.86 15 270 > 4322 
t321e Drab Clay Loam:......s02c 74. sen eee een .08 SERA 01 
48.79 31 Seer 8.63 
Ae Ee | 46 | 0% Soa .08 
(ie Metal. 0502. oo. 5 ieee eer | 565.46 | 361 894 | 100.00 


1This is the name under which the type was originally mapped. Later investigation has 
shown the desirability of making certain differentiations within the type; these are described 
in the text. 
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INVOICE OF THE ELEMENTS OF PLANT FOOD 
IN MARION COUNTY SOILS 


In order to obtain a knowledge of its chemical composition, each soil type 
is sampled in the manner described below and subjected to chemical analysis 
for its important plant-food elements. For this purpose samples are taken 
usually in sets of three to represent different strata in the top 40 inches of soil; 
namely, an upper stratum (0 to 634 inches), a middle stratum (624 to 20 inches), 
and a lower stratum (20 to 40 inches). 

These sampling strata correspond approximately in the common kinds of 
soil to 2 million pounds per acre of dry soil in the upper stratum, and to two 
times and three times this quantity in the middle and lower strata respectively. 
This, of course, is a purely arbitrary division of the soil section, very useful in 
arriving at a knowledge of the quantity and distribution of the elements of plant 
food in the soil; but it should be borne in mind that these strata seldom coincide 
with the natural strata as they actually exist in the soil and which are referred to 
in deseribing the soil types as ‘‘horizons’? A, B, and C. By this system of 
sampling we have represented separately three zones for plant feeding. The 
upper, or surface layer, includes at least as much soil as is ordinarily turned 
with the plow, and this is the part with which the farm manure, limestone, and 
other fertilizing materials are incorporated. 

The chemical analysis of a soil, obtained by the methods here employed, 
gives the invoice of the total stock of the several plant-food materials actually 
present in the soil strata sampled and analyzed. It should be understood, how- 
ever, that the rate of liberation from their insoluble forms, a matter of at least 
equal importance, is governed by many factors, and therefore is not necessarily 
proportional to the total amounts present. 

For convenience in making application of the chemical analyses, the results 
as presented here have been translated from the percentage basis and are given 
in the accompanying tables in terms of pounds per acre. In this the assumption 
is made that for ordinary types a stratum of dry soil of the area of an acre and 
624 inches thick weighs 2 million pounds. It is understood, of course, that this 
value is only an approximation, but it is believed that with this understanding, 
it will suffice for the purpose intended. It is a simple matter to convert these 
figures back to the percentage basis in case one desires to consider the information 
in that form. 

With respect to the presence of limestone and acidity in different strata, no 
attempt is made to include in the tabulated results figures purporting to represent 
their averages in the respective types, because of the extreme variations fre- 
quently found within a given soil type. In examining each soil type in the field, 
however, numerous qualitative tests are made which furnish general information 
regarding the soil reaction, and in the discussion of the individual soil types 
which follows, recommendations based upon these tests are given concerning the 
lime requirement of the respective types. Such recommendations cannot be made 
specific in all cases because local variations exist, and because the lime require- 
ment may change from time to time, especially under cropping and soil treat- 
ment. It is often desirable, therefore, to determine the lime requirement for a 
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given field, and in this connection the reader is referred to the section in the 
Appendix dealing with the application of limestone (page 31). 


THE UPPER SAMPLING STRATUM 


In Table 2 are reported the total quantities of organic carbon, nitrogen, 
phosphorus, sulfur, potassium, magnesium, and calcium in 2 million pounds of 
the surface soil of each type in Marion county. 

In connection with this table attention is called to the variation among the 
soil types with respect to their content of the different plant-food elements. It 
will be seen from the analyses that the variation in the organic-earbon content 
of the different'soils is accompanied by a similar variation in the nitrogen content. 
The organic-carbon content, which serves as a measure of the total organic matter 
present, is usually from 10 to 12 times that of the total nitrogen. This close 
relationship is explained by the well-established facts that all soil organic matter 
contains nitrogen, and that most of the soil nitrogen (usually 98 percent or more) 
is present in a state of organic combination. This close relationship is also main- 
tained in the middle and lower sampling strata, altho it is generally a more 
narrow ratio at the deeper levels, owing to the more rapid dissipation of soil 
carbon as compared with nitrogen. 

The organic matter, with the accompanying nitrogen, shows some variation 
among the different soil types but is comparatively low thruout the county. Of 
the ten soil types for which analyses are reported in this county, only two types 
contain more than 30,000 pounds of organic carbon in the surface stratum of an 
acre. These are Drab Clay Loam, Bottom, and Yellow-Gray Silt Loam, Ridge, 
each containing approximately 43,000 pounds an acre. The remainder of the 
soils in the county range in organic-carbon content from a minimum of 12,860 
pounds an acre in Yellow Silt Loam, up to 29,590 pounds in Deep Gray Silt Loam, 
Bottom. The total nitrogen figures are correspondingly low, being in the latter 
two types 990 and 2,900 pounds respectively. Because of the small amounts of 
both nitrogen and organic matter in these soils, it is particularly important to 
grow legume crops frequently as green manures and plow them down, in addi- 
tion to conserving’ and using all the animal manure which ean be produced. 

Other elements are not so closely associated with each other as are organic 
matter and nitrogen. However, there is some degree of correlation between sulfur, 
another element used by growing plants, and organic carbon. This is because a 
considerable, tho varying, proportion of the sulfur in the soil exists in the 
organic form, that is, as a constituent of the organic matter. The sulfur content 
of Marion county soils is on the whole rather low. It ranges, in the surface soil, 
from 310 pounds to 1,100 pounds an acre. However, only two types, Yellow- 
Gray Silt Loam and Drab Clay Loam, contain more than 520 pounds. 

The sulfur available to crops is affected not only by the amount and solubility 
of that contained in the soil, but also by the amount which is brought down 
from the atmosphere in the rainfall. Sulfur dioxid escapes into the air in the 
gaseous products from the burning of all kinds of fuel, particularly coal, and 
possibly to some extent from the decay of vegetable and animal residues. The 
gaseous sulfur dioxid is soluble in water and consequently it is dissolved out of 
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the air by rain and brought to the earth. In regions of heavy coal consumption 
the amount of sulfur thus added to the soil is large. At Urbana, during the eight- 
year period from 1917 to 1924 there was added to the soil by the rainfall 3.5 
pounds of sulfur per acre per month, as an average. Similar observations 
have been made in localities in southern Illinois for shorter periods. At Sparta, 
in Randolph county, in 1921, there was added in the rainfall 3.51 pounds of 
sulfur an acre in May, 7.78 pounds in August, and 9.96 pounds in September. 
At Ewing, in Franklin county, during the entire season of 1921 the average 
monthly precipitation contained 2.27 pounds of sulfur an acre. These figures 
will afford some idea of the amount of sulfur added by rain and also of the wide 
variation in these amounts under different conditions. On the whole, these facts 
would indicate that the sulfur added from the atmosphere sufficiently supple- 
ments that contained in the soil, so that a need for sulfur fertilizers is not likely 
in Marion county, 

The potassium content of the surface soil ranges from 24,680 pounds an 
acre in Light Gray Silt Loam On Tight Clay to 35,300 pounds in Drab Clay 
Loam. From a quantitative point of view, the least of these amounts is far above 
maximum crop requirements. However, the rate at which potassium is liberated 
in available condition from these large reserves varies widely, and the state- 
ments concerning the use of potassium fertilizers in another part of this report 
are an indication that crop yields may be limited on some of the soils of Marion 
county by a deficiency of available potassium. 

The phosphorus content of the soils of the county is generally low, ranging 
from 490 pounds an acre in Yellow Silt Loam up to 1,040 pounds in Drab Clay 
Loam. 

The amounts of soil calcium are uniformly low, but not lower than is to be 
expected in mature soils which are acid. Soil acidity and ealeium deficiencies 
are very frequently, but not always, associated. The smallest amount of calcium 
in the Marion county soils analyzed, 3,650 pounds an acre, is found in Yellow- 
Gray Silt Loam. The largest amount found is 8,160 pounds in Drab Clay Loam. 
These are all non-carbonate soils. Calcium is utilized by crops in fairly large 
amounts, so that in acid soils low in calcium content, this element possibly may 
not become available rapidly enough to supply crop needs. The liming of such 
soils, however, will supply any calcium deficiencies in addition to the correcting 
of acidity. 

The content of magnesium in Marion county soils averages about 25 per- 
cent higher than that of calcium. This preponderance of magnesium is a frequent 
occurrence in heavy, mature soils which have been subjected to much leaching, 
and, as in the case here, is most pronounced in the lower levels. The smallest 
amount of magnesium found is 4,230 pounds an acre. Considering the crop 
requirements for this element, it is doubtful whether magnesium ever becomes 
a limiting factor in crop production. This statement, however, does not imply 
the superiority of high-calcium limestone as a soil amendment. The usual com- 
mercial grades of high-caleitum and magnesian limestones are approximately 
equal in neutralizing value, and both types of stone also contain an abundance 
of calcium to make good any soil deficiencies in this element. 
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THE MIDDLE AND LOWER SAMPLING STRATA 


In Tables 3 and 4 are recorded the amounts of the plant-food elements in 
the middle and lower sampling strata. In comparing these strata with the upper. 
stratum, or with each other, it is necessary to bear in mind that the data as given 
for the middle and lower sampling strata are on the basis of 4 million and 6 
million pounds of soil, and should therefore be divided by 2 and 3, respectively, 
before they are compared with each other or with the data for the upper stratum, 
which is on a basis of 2 million pounds. 

With this in mind, it will be noted in comparing the three strata with each 
other, that all of the soil types. diminish rather rapidly in organie matter and 
nitrogen with increasing depth, and that this diminution is very marked even in 
the middle stratum. The percentages of the other elements remain about the 
same, or increase slightly in the lower strata with the exception of sulfur and 
phosphorus, which in some cases decrease with increasing depth. Phosphorus 
has frequently been found to be low in the middle stratum, altho this condition is 
not so prevalent in Marion county as is usually the case. It may be attributed 


TasBLE 2.—PLANT-Foop ELEMENTS IN THE Sorts or Marion County, ILLINoIs 
Upper SAMPLING STRATUM: ABouT 0 To 624 INCHES 


Average pounds per acre in 2 million pounds of dry soil 


Soil Total | Total | Total | Total | Total | Total | Total 
type Soil type organic| nitro- | phos- | sulfur | potas- |magne-|calcium 
No. carbon | gen /phorus sium | sium 


Upland Prairie Soils (300) 


330 |Gray Silt Loam On Tight Clay.-| 28 550} 2 840) 890) 520} 25 730) 4 230) 4 480 
328 |Brown-Gray Silt Loam On Tight 


OL eee decicy iAL  oe 24 520) 2 520) 540} 360} 27 060] 4 680) 4 420 
82050 Drabisit Loam swe. oo) seer. 26 820) 2 840} 620} 440) 25 810) 5 450) 5 490 
Upland Timber Soils (300) 
334 |Yellow-Gray Silt Loam......... 23 010} 2 140 610 430} 29 410} 5 540! 3 650 
350°) Yellow Silt Loam, 2s... eee 12 860} 990) 490) 310) 35 210) 7 590} 3 760 
332 |Light Gray Silt Loam On Tight 
PRAY aes oie leives gs pa eS 22 930) 2 050} 720} 400} 24 680) 5 530) 4 010 
Ridge Soils (200) 
233 |Gray-Red Silt Loam On Tight 
Clays 5 cc nice tee eee 27 380) 2 720; 760} 460) 27 300} 5 200) 4 320 
234 |Yellow-Gray Silt Loam....... ..| 43 180} 4 000} 780} 1 100} 28 640) 7 640) 5 620 
Old Swamp and Bottom-Land Soils (1300) 
1331 |Deep Gray Silt Loam.......... 29 590} 2 900} 700} 510} 33 070} 7 300) 6 620 
1354  |Mixed Loam! . ... 6. ccc clés ogee ecw sie bo lea ewe epee. sly als, o cea] eee are 
1321 9) |Drab Clay joam, -.o-a0 eee 43 960} 4 180} 1 040} 1 100] 35 300} 10 920) 8 160 


LIMESTONE AND SOIL ACIDITY.—In connection with these tabulated data it should 
be explained that the figures for limestone content and soil acidity are omitted not because of any 
lack of importance of these factors, but rather because of the peculiar difficulty of presenting in 
the form of general numerical averages reliable information concerning the limestone requirement 
for agivensoiltype. A general statement, however, will be found concerning the lime require- 
ment of the respective soil types in connection with the discussions which follow. .. 


1On account of the heterogeneous character of Mixed Loam, chemical analyses are not included 
for this type. 
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TABLE 3.—PLANT-Foop ELEMENTS IN THE Sorts oF Marion County, ILLinois 
Mrpp ek SAmMpuine Stratum: Asout 62% To 20 INcHES 


Average pounds per acre in 4 million pounds of dry soil 


Total Total 


Soil ; Total | Total Total} Total | Total 
type Soil type organic| nitro- | phos- | sulfur | potas- |magne-|calcium 
No. carbon | gen |phorus sium | sium 


Upland Prairie Soils (300) 


330 |Gray Silt Loam On Tight Clay..| 27 280] 3 070] 1 050 720| 55 540} 9 770} 8 050 
328 |Brown-Gray Silt Loam On Tight 

“OL Re an 44 400} 3 560) 1 400 840) 57 640) 9 760} 7 280 
329 |Drab Silt LST, a ee 40 620} 3 270) 1 200 340} 42 560) 9 800; 10 830 


Upland Timber Soils (300) 


334 |Yellow-Gray Silt Loam......... 15 120} 1 880) 1 230 500} 62 220] 11 260) 4 670 
335 Yellow Silt Loam.............. 11 730} 1 550 970 450} 70 750) 12 710) 4 690 
332 Ges Gray Silt Loam On Tight 

on obs 2 eee 15 540] 1 960) 1 340 580} 54 140) 11 360} 6 680 


Ridge Soils (200) 


233. |Gray-Red Silt Loam On Tight 
(OLN 5) es 29 000) 3 480} 1 240 reese 60 680} 14 880} 7 760 
234 |Yellow-Gray Silt Loam. . 54 400) 5 520) 1 360)...7... 57 200} 20 520) 8-160 
Old Swamp and Bottom-Land Soils (1300) 
. 1331 Deep Gray Silt Loam.......... 20 770) 3 4380) 1 190 570] 67 090) 12 910); 9 110 
ee rarer mn rece re eres ere Al PIR Lhe Swrelcw etek sec eece cle rcsces 
1321" )Orabiclay Loam............6- 38 480} 3 800) 1 360)...2?...| 71 320) 22 440) 16 040 


LIMESTONE AND SOIL ACIDITY.—See note in Table 2. 


1On account of the heterogeneous character of Mixed Loam, chemical analyses are not in- 
cluded for this type. 
2No analysis available; sample exhausted. 


to the removal of phosphorus from this stratum by the roots of growing plants 
and subsequent incorporation with the surface soil in the accumulated plant 
residues. 

It is frequently of interest to know the total supply of a plant-food element 
accessible to the growing crops. While it is impossible to obtain this information 
exactly, especially for the deeper-rooted crops, it seems probable that practically 
all of the feeding range of the roots of most of our common field crops is included 
in the upper 40 inches of soil. By adding together for a given soil type the 
corresponding figures in Tables 2, 3, and 4, the total amounts of the respective 
plant-food elements to a depth of 40 inches may be ascertained. 

Considered in this manner the tables reveal a considerable variation with 
respect to the relative abundance of the various elements among the different soil 
types, as measured by crop requirements. We may compare in this way two 
extreme soil types in the county, namely, Drab Clay Loam, Bottom, and Yellow 
Silt Loam, Upland. The respective amounts of nitrogen in the two soils to a 
depth of 40 inches are 11,640 and 4,100 pounds an acre, which is equivalent to 
the nitrogen contained in the same number of bushels of corn, since a bushel of 
corn contains approximately a pound of nitrogen. The Drab Clay Loam thus 
contains nearly three times as much of this element as the Yellow Silt Loam, 
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Tasie 4.—PLAntT-Foop ELEMENTS IN THE Sorts or Marion County, ILLINotIs 
Lower SAMPLING StrRATUM: ABouT 20 To 40 IncHES 


Average pounds per acre in 6 million pounds of dry soil 


Soil Total | Total} Total | Total} Total | Total | Total 
type Soil type organic] nitro-| phos- | sulfur | potas- |magne-|jcalcium 
No. carbon] gen |phorus sium } sium 


Upland Prairie Soils (300) 


330 |Gray Silt Loam On Tight Clay..| 26 710} 3 300} 2 080) 970) 83 020} 28 060) 18 160 
328 |Brown-Gray Silt Loam On Tight 


Clavie kt hee. coke eee, 26 820| 3 660] 2 460] 660] 86 520] 27°060| 11 520 
ZAP CAND eA ores rig Boy WS eects esha rolycen 39 620] 3 920) 1 500) 540) 76 720) 20 200) 16 060 
Upland Timber Soils (800) 
334 |Yellow-Gray Silt Loam......... 18 920} 2 100} 2 040} 500) 91 770} 25 220) 12 110 
apo). |Vellow Silt Loam). \.. ..2t00 oe. 8 560} 1 560) 1 340) 640/101 940) 27 140} 9 900 
332 |Light Gray Silt Loam On Tight : 


lays res heeh tee sees oat 16 290) 2 070} 1 800} 960] 85 470] 28 590) 17 910 


Ridge Soils (200) 


233 |Gray-Red Silt Loam On Tight 
GIT ae ee ae, Mie es 2 ar 25 020] 3 360} 1 800}...?... 87 720} 19 520) 16 620 
234 |Yellow-Gray Silt Loam......... 30 420} 3 780) 1 440)...?... 98 100} 35 760} 20 700 
Old Swamp and Bottom-Land Soils (1300) 
1331 |Deep Gray Silt Loam.......... 15 520) 2 280) 2 220; 640/104 660) 26 060} 10 380 
1354 |Mixed Loam. . ..50.. 5 cece sje a] oe oe cette dine « cfs ee «|e 6 osm ©] ep eeneae enna foe 
toZetDOrap: Olay. Loam oo. s.0 55 ae nee 33 600} 3 660} 2 040]...%.../107 040} 35 880) 25 680 


LIMESTONE AND SOIL ACIDITY.—See note in Table 2 


1On account of the heterogeneous character of Mixed Loam, chemical analyses are not included 
for this type. 
*No analysis available; sample exhausted. 


Drab Clay Loam also contains considerably more phosphorus than Yellow Silt 
Loam. The former contains 4,440 pounds of phosphorus, which is equivalent to 
25,990 bushels of corn, as compared with 2,800 pounds in the latter, equivalent 
to 16,510 bushels of corn. 

A comparison of the total amounts of potassium in the different soil types is 
of little direct importance when it is considered that the soil containing the 
smallest total amount of this element (Drab Silt Loam, 329) has in it potassium 
equivalent to that contained in three-quarters of a million bushels of corn. This 
large total supply of potassium should not be interpreted to mean that there 
can be no need for additions of potassium salts in crop production, for potassium 
minerals in the soil become soluble very slowly, and upon the rate of liberation 
during the growing season rests the answer to the question whether potassium 
should be supplied in a form readily available to crops. 

The two soil types considered above vary widely in calcium content, the 
amounts contained to a depth of 40 inches being 49,880 pounds in Drab Clay 
Loam and only 18,350 pounds in Yellow Silt Loam. The relative amount of 
calcium is not of so great importance directly in connection with the corn crop 
as it is with respect to legumes. A ton of red clover hay, for example, contains 
approximately 29 pounds of calcium. These two soils therefore contain as much 
calcium as would be removed in 1,720 and 630 tons of red clover hay respectively. 
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The above statements are not intended to imply that it is possible to predict 
how long it might be before a certain soil would become exhausted under a 
given system of cropping. Neither do the figures necessarily indicate the imme- 
diate procedure to be followed in the improvement of a soil, for other factors 
enter into consideration aside from merely the amount of plant-food elements 
present in the soil. Much depends upon the nature of the crops to be grown, as to 
their ability to utilize plant-food materials, and much depends upon the con- 
dition of the plant-food substances themselves as to their availability. Finally, 
in planning the detailed procedure for the improvement of a soil, there enter 
for consideration all the economic factors involved in any fertilizer treatment. 
Such figures do, however, furnish an inventory of the total stocks of the plant- 
food elements that can possibly be drawn upon; and in this way these chemical 
data contribute fundamental information for the intelligent planning, in a broad 


way, of systems of soil management that will conserve and improve the fertility 
of the land. 


DESCRIPTION OF SOIL TYPES 


(a) UPLAND PRAIRIE SOILS 


In the following descriptions of soil types an effort is made to describe the 
types which occur in Marion county as they are recognized at the present time. 
It will be observed that several of the types as they appear on the soil map, which 
was completed in 1915, are now recognized to include two or more types. The ~ 
topographic position and the situations in which each of these new types occur 
is stated so that, in most cases, they can easily be recognized in the field. 

The upland prairie soils of Marion county occupy 255.29 square miles, nearly 
one-half of the total area of the county. They range in color of surface soil from 
gray to grayish brown, owing to the variation in the amount and condition of the 
organie matter. The surface color of the prairie soils is darker than that of the 
timbered soils, owing to their higher content of organic matter, derived very 
largely from the roots of prairie grasses. If the present climatic conditions have 
prevailed ever since the Glacial period, it is unlikely that the soil ever contained 
any more organic matter or was any darker than at present. It is probable, 
however, that more favorable climatic conditions prevailed at some time after 
the retreat of the glacier, and that the soils were richer and darker, containing 
more organic matter which has since been reduced by the present rather high 
amount of rainfall, relatively open winters, and hot, dry summers. Because of 
their great age and loss of mineral plant food, the common prairie soils of southern 
Illinois have become incapable of supporting a luxuriant plant growth. 

The reason for the existence of so large an extent of prairie soil in the state 
remains debatable. Normally forests invade and spread over the land, particu- 
larly in a country where the climate and rainfall are so nearly optimum for the 
development of forest vegetation as here. This prairie condition may be due to 
unnatural or accidental causes, such as forest fires continually nipping the new 
growth; but it more likely is due to the drainage conditions in the soil. Most 
of the prairie land is relatively flat, and prior to artificial drainage was probably 
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saturated with water or even covered with shallow lakes or ponds during a portion 
of each year. These shallow lakes or ponds were probably dry only in late summer 
and fall, at least not more than a few months each year. Forest vegetation would 
have difficulty in making a start in a soil which remained water-logged most of 
the year, while the prairie vegetation which matures in a relatively short time 
eould make some growth during each dry season. 


Gray SiltsLoam_On,Tight,Clay (330) 


Gray Silt Loam On Tight Clay, as it was mapped in Marion county, covers 
an area of 251.87 square miles, or nearly 45 percent of the total area of the 
county. This type as originally mapped is now recognized to inelude several 
types, each with a distinet profile, and each of which is associated with a char- 
acteristic topographic expression. The original name, Gray Silt Loam On Tight 
Clay, has been retained for the designation of one of these types and new names 
applied to the others. The new names adopted are as follows: Deep Gray Silt 
Loam On Tight Clay, Gray Silt Loan On Orange-Mottled Tight Clay, Yellowish 
Gray Silt Loam On Orange-Mottled Tight Clay, and Gray Silt Loam On Reddish 
Brown Clay. The description of each of these types follows, together with a 
statement as to its occurrence and suggestions for its management. 


Deep Gray Silt Loam On Tight Clay occurs in depressions at the heads of 
small streams or drainage channels, at the base of long slopes, and in level basins. 
The areas usually are not large, but the type is rather extensive thruout the 
county. This type has received, and in many places is still receiving, a silty 
wash, brought down in the run-off as sheet erosion during hard rains, from ad- 
joining higher land. These low-lying, level areas originally were poorly drained 
and marshy, but now surface drainage is fairly well established. Inasmuch as 
the impervious layer lies moderately deep, underdrainage can be successfully 
provided in many places. 

The A, horizon, 0 to 10 inches, is a silt loam, brownish gray in color, mealy, 
laminated, and friable in structure. In certain areas black iron coneretions are 
found in this horizon. The A, horizon, 10 to 24 inches, is a light brownish gray 
to gray silt loam, mealy, friable, and iron-stained. A thin, ashy-gray layer occa- 
sionally oceurs below 20 inches. The B horizon, 24 to 35 inches, is a mottled, 
pale yellow clay, plastic, compact, and somewhat impervious. Iron concretions 
are usually present in abundance. Occasionally this horizon has a drabbish east, 
which probably is due to an excessively marshy condition. The C horizon, below 
35 inches, is a mottled, pale yellow, friable, clayey silt loam. 


Management.—Deep Gray Silt Loam On Tight Clay is medium to strongly 
acid to a depth of 35 or 40 inches. The portion of the type which occupies gentle 
slopes has good surface drainage and, with an accessible outlet, tile drainage will 
work satisfactorily 6n either the gentle slopes or on the low-lying level areas 
because of the depth at which the impervious layer or ‘‘tight clay’’ lies. 

This type is low in organic matter and the first step in increasing its pro- 
ductivity is to add sufficient limestone for the growing of clover and then to 
make one of the clovers, preferably sweet clover, one of the regular crops in the 
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rotation. After the organic matter and nitrogen deficiency has thus been taken 
care of, trial should be made of one or more of the commonly used phosphates. 
This type, properly managed, is one of the best upland soils in the county, and 
ean be better utilized for the production of grain crops than any other upland 
soil. 


Gray Silt Loam On Tight Clay is found on the flat and gently undulating 
plains. This type includes possibly one-third of the area of the entire type as 
it is shown on the soil map of the county. The surface material is loess-like, but 
sandy, pebbly, glacial till is encountered at depths varying from 10 to 50 inches. 
This type presents the normal soil profile developed under conditions of exceed- 
ingly poor drainage. Its topography is flat to gently undulating, and both the 
surface and underdrainage are very poor. 

Numerous small areas known as ‘‘slick spots’’ or ‘‘sealds’’ occur, which are 
easily recognized by their light gray or greenish gray color in the lower horizons 
when exposed in road cuts and along drainage channels. Their formation is 
probably associated with the movement of seepage water which has resulted in 
the accumulation of mineral salts and changes in the soil profile. Iron and lime 
are always present to some degree, and often in coneretionary form. The con- 
centration of salts in these areas inhibits plant development and often is so strong 
_ that plant growth is prevented entirely. 

The A, horizon, 0 to 8 inches, is a brownish gray, mealy, laminated, friable 
silt loam. The A, horizon, 8 to 17 inches, is an ashy, light gray, friable silt loam. 
The B horizon, 17 to 28 inches, is a mottled, yellow, plastic, impervious tight clay, 
often containing some sand and small pebbles mixed with black iron concretions. 
In the “‘slick spots’’ the B, or tight clay, horizon usually occurs immediately 
under the A,, or surface, and presents a very pale, greenish yellow appearance, 
with numerous small pebbles present. The C, horizon, below 28 inches, is a 
mottled, yellow, friable, silty clay loam containing many iron concretions, and 
having a distinet columnar structure for the first 8 or 10 inches. 


Management.—Gray Silt Loam On Tight Clay is low in nitrogen and organic 
matter and is strongly acid. It has the same management requirements as Deep 
Gray Silt Loam On Tight Clay, described above, but will respond less favorably 
to good farming, because drainage is very poor, owing to the nearness of the 
plastic subsoil to the surface and the presence of numerous scald spots. Tile 
cannot be used to improve drainage on this type. If this land is to be farmed 
efficiently, it is necessary to use limestone and grow sweet clover. Any addi- 
tional treatment should be on a trial basis. There are indications that potash 
salts may be used at a profit for corn and trial applications of rock or acid phos- 
phate should be made for wheat. 

This type produces good timothy hay following the application of limestone 
and growth of sweet clover. Redtop is a common crop on this soil, both hay and 
seed being produced. In growing the above crops, some sort of rotation, including 
‘a legume, should be used so that the yields may be maintained. The yield of hay 
or seed usually shows a marked decrease after four or five years of continuous 
cropping. This soil is also adapted to growing apples. It is not a good soil for 
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corn, but will produce satisfactory yields in seasons which are climatically favor- 
able, if sweet clover has been grown and turned under. Wheat also may be grown, 
but a relatively large proportion of poor yields may be expected. 


Gray Silt Loam On Orange-Mottled Tight Clay occurs on undulating to 
gently rolling areas. It is equally as extensive thruout the county as Gray Silt 
Loam On Tight Clay. The loess-like surface covering is about 30 inches deep 
where the sandy pebbly drift is encountered. This type was formed under poor 
to fair surface drainage, as is indicated by the undulating to gently rolling 
topography and by the character of its profile. Slick spots oceur on this type but 
are not numerous. 

The A, horizon, 0 to 7 inches, is a brownish gray, mealy, friable silt loam 
with a distinctly’ laminated structure. The A, horizon, 7 to 17 inches, is an 
ashy-gray, friable silt loam. The A, horizon, 17 to 21 inches, is an orange- 
mottled, ashy-gray, slightly compacted silt loam. The B, horizon, 21 to 26 
inches, is an orange-mottled, gray, plastic, impervious tight clay. The B, horizon, 
26 to 31 inches, is a pale yellow mottled, very compact, plastic clay with numerous 
iron concretions. The C horizon, below 31 inches, is a pale yellow or gray, 
mottled, silty clay loam with iron concretions, and a columnar structure for the 
first 8.or 10 inches. This horizon is more friable than either the B, or B, horizon 
but is not so friable as the C horizon of the two types previously described. 

Management.—This type requires the same management as Gray Silt Loam 
On Tight Clay. It has good surface drainage and is a somewhat better soil than 
Gray Silt Loam On Tight Clay. 


Yellowish Gray_Silt Loam On Orange-Mottled Tight Clay occurs on the 
rolling land. The areas of this type are rather small but are scattered thruout 
the county. The loess-like surface covering is shallow, seldom more than 18 
inches deep, the material below this being rather sandy. On account of the 
rolling topography, a profile was developed under fair to good surface drainage 
conditions. This rolling topography is due to the presence of preglacial knolls 
which were not smoothed off by the glacier, and to an uneven deposit of glacial 
drift. Most of these areas have had a light forest growth on them at some time. 

The A, horizon, 0 to 6 inches, is a brownish yellow to brownish gray, friable 
silt loam with laminated structure. The A, horizon, 6 to 12 inches, is a yellowish 
gray, mealy, friable silt loam. The A, horizon, 12 to 16 inches, is an orange- 
mottled, yellowish gray, slightly compacted, silty clay loam. The B, horizon, 
16 to 22 inches, is an orange-mottled, yellowish gray, plastic, impervious tight 
clay. The B, horizon, 22 to 27 inches, is a yellow, mottled, plastic, very compact 
clay with iron concretions, and often is sandy and pebbly. The C horizon, below 
27 inches, is a yellow, mottled, medium-friable, silty clay loam, containing heavy 
iron concretions, sand, and small pebbles. 

Management.—This type is medium to strongly acid in the surface soil and 
strongly acid in the subsoil. It is good orchard land and is also well adapted 
for small fruit and vegetable growing. Sufficient limestone should be applied 
to grow sweet clover if orchard is to be set; and if vegetables are to be grown, 
the same procedure should be followed unless liberal applications of manure can 
be made, tho an excess of limestone should be avoided. 


Qa 
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This soil may be used for the general farm crops, and if so used, should be 
given the same management as recommended for Deep Gray Silt Loam On 
Tight Clay, page 14. 


Gray Silt Loam On Reddish Brown Clay occurs on low knolls and slopes 
where drainage has been very good. This type is not extensive. The sandy, 
pebbly till is rather close to the surface; in fact, the loess-like covering is seldom 
more than 10 inches thick. Sheet erosion probably has removed some of the 
surface material from these areas. 

The A, horizon, 0 to 9 inches, is a brownish gray, friable silt loam. The B, 
horizon, 9 to 17 inches, is a reddish brown, very compact, somewhat impervious, 
plastic clay. The C horizon, below 17 inches, is a brown or drabbish yellow, 
mottled, sandy or silty clay loam, containing iron concretions and small pebbles. 


Management.—The very limited extent of this type makes-its management 
of concern only to a few individuals. Anyone who recognizes the type as occur- 
ring on his farm is asked to write to the Experiment Station for information 
regarding it. 


Brown-Gray Silt Loam On Tight Clay (328) 


The total area of Brown-Gray Silt Loam On Tight Clay as mapped in this 
county is less than one square mile. It is all confined to the south-central part 
of the county. The topography of this type is undulating, and the drainage is 
poor. It differs from Deep Gray Silt Loam On Tight Clay, described above, only 
in that it has a slightly deeper and darker colored A horizon. The description 
and management of Deep Gray Silt Loam On Tight Clay (page 14) apply also 
to this type. 


Drab Silt Loam (329) 


Drab Silt Loam is not extensive, and is confined principally to three areas 
in the northeastern part of the county. This type occurs in low flat places which 
originally were very poorly drained and swampy. The areas have received a 
deposit of silt, varying in thickness from several inches to more than a foot, which 
was brought down by sheet erosion from the surrounding slopes. The drainage 
of this type can be improved by artificial methods, such as deep surface ditching 
and tiling. This type closely resembles Deep Gray Silt Loam On Tight Clay 
described above. 

The A, horizon, 0 to 11 inches, is a dark gray, laminated, friable silt loam. 
The A, horizon, 11 to 26 inches, is a drabbish gray, friable silt loam, containing 
yellow iron coneretions. The B horizon, which is variable and often deeper than 
26 to 38 inches, is a yellow, mottled, drabbish gray, compact, medium-plastic 
clay, containing numerous iron concretions. The C horizon, below 38 inches, is a 
pale yellow, mottled, more friable silty elay loam, containing iron concretions. 

Management.—The reader is referred to the discussion of the management 
of Deep Gray Silt Loam On Tight Clay, page 14, for suggestions regarding the 
management of Drab Silt Loam. 
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(b) UPLAND TIMBER SOILS 


The upland timber soils of Marion county occupy 256.72 square miles, about 
the same area as that of the upland prairie soils. Timber appears first near the 
stream channels where the soil is well drained, and gradually spreads out over the 
prairies as the drainage lines are extended. The soil map of this county shows 
clearly how the timber has spread from the main drainage outlets. It also shows 
that in the well-drained rolling land, the timber has spread farther away from 
the main drainage channels, than in the flat, poorly drained areas. Much of the 
original timber of this county has been cut off, and the areas cultivated, but the 
soil still retains the effects left by the long-continued forest growth, 

Timber soils are characterized by a yellowish or yellowish gray color, which 
is due in part to the low organic-matter content. In forests the vegetable material 
from trees accumulates upon the surface, and is either burned or suffers almost 
complete decay by being exposed to the air. Grasses, with their abundant amounts 
of humus-forming roots, grow but sparsely because of the shade. Moreover, the 
organic matter that had accumulated before the timber began growing is dissi- 
pated thru various decomposition processes, with the result that the nitrogen and 
organic-matter contents of the soil are low. 

Japanese clover, or lespedeza, a legume which will grow in a strongly acid 
soil, has spread over the timber soil of this region. It affords some pasture but 
is particularly beneficial in retarding erosion on cleared areas by checking run-off. 


Yellow-Gray Silt Loam (334) 


Yellow-Gray Silt Loam occurs principally in the outer timber belts along 
streams and is by far the most extensive timbered soil type in the county. It 
covers an area of 199.73 square miles, more than one-third of the entire area of 
the county. The same situation exists with reference to this type, as it is shown 
on the soil map, as was described above in the case of Gray Silt Loam On Tight 
Clay. Yellow-Gray Silt Loam, as it was mapped in Marion county, is now 
recognized as including two types as follows: Yellow-Gray. Silt Loam On Tight 
Clay, which oceurs on flat, poorly drained areas, and Yellow-Gray Silt Loam On 
Compact Medium-Plastic Clay, which occurs on areas having fairly good surface 
drainage. This distinction is not shown on the soil map, but the types will be 
described separately, since they differ materially in character and in agricultural 
value. 


Yellow-Gray Silt Loam On Tight Clay occurs thruout the county and in- 
cludes more than half of the timbered soil. The surface material is loess-like. 
Sandy, pebbly, glacial drift is encountered at depths varying from 15 to 60 
inches. This type was developed under poor drainage, and on flat to undulating 
topography, corresponding to the conditions under which the prairie type, Gray 
Silt Loam On Tight Clay, was developed. Both the surface drainage and under- 
drainage of this type are poor. Slick spots, as described in the above-mentioned 
corresponding prairie type, are found also in this type, but probably are not so 
numerous. 
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Cultivation of the virgin timber soil has produced several changes in the 
soil profile. Plowing, by turning up and mixing in some of the very light- 
colored A, horizon, has tended to increase the depth of the surface or A, horizon, 
as well as to lighten its color. Indications are that the depth and plasticity of 
the upper subsoil or B horizon are increased by continued cultivation. This would 
be expected, as frequent stirring of the soil should accentuate the physical move- 
ment of smaller particles downward with the drainage water. 

The A, horizon, 0 to 5 inches, is a yellowish gray, laminated, friable silt loam. 
The A, horizon, 5 to 17 inches, is a very light yellowish gray, friable, ashy silt 
loam, with occasionally some black iron coneretions. This horizon has a laminated 
structure in its upper 3 or 4 inches. The B horizon, 17 to 32 inches, is a pale 
yellow, mottled, plastic tight clay with iron concretions. The C, horizon 32 to 40 
inches, is a pale yellow, mottled, compact silt loam, with distinet columnar 
structure. The C, horizon is a friable silt loam containing iron concretions. 


Management.—Yellow-Gray Silt Loam On Tight Clay is acid and very low 
in nitrogen and organic matter. The yellowish color indicates somewhat better 
drainage than occurs on Gray Silt Loam On Tight Clay. Underdrainage is not 
suecessful, however, because of the impervious nature of the subsoil. The reader 
is referred to the discussion of Gray Silt Loam On Tight Clay, page 15, for sug- 
gestions regarding the management of this type. 


Yellow-Gray Silt Loam On Compact Medium-Plastic Clay is of limited 
occurrence in Marion county because of the flat topography which prevails. It 
is found, however, in narrow belts just back of the steep, eroded land along the 
banks of stream channels, and following out small drainage lines. It is also 
found on some of the timbered glacial and preglacial knolls and ridges. The sur- 
face material is all loess-like; but sandy, pebbly, glacial drift lies from 15 to 60 
inches below the surface. This type was developed under fairly good drainage 
conditions, on undulating to gently rolling topography. 

The A, horizon, 0 to 7 inches, is a brownish or yellowish gray, friable, silt 
loam, with laminated structure. The A, horizon, 7 to 17 inches, is a yellowish 
gray, friable silt loam. The B horizon, 17 to 31 inches, is a slightly reddish or 
brownish yellow, mottled, compact, medium-plastic clay containing some iron 
concretions. The © horizon, below 31 inches, is a yellow, mottled, slightly com- 
pacted, clayey silt loam, with columnar structure for the first few inches. This 
horizon is friable below about 36 inches. Iron concretions, some sand, and few 
pebbles are found. 


Management.—Yellow-Gray Silt Loam On Compact Medium-Plastic Clay is 
the best timber soil in Marion county. It has good surface drainage, and under- 
drainage probably can be successfully used. The soil is acid and in need of 
nitrogen and organic matter; however, it responds well to good farming; and 
following the use of limestone and sweet clover, good crops can be produced 
except in years which are climatically very unfavorable. The same suggestions 
regarding fertilizer treatment which were made for Gray Silt Loam On Tight 
Clay, page 15, apply to this type. 
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Yellow Silt Loam (335) 


Yellow Silt Loam forms the inner timber belt along streams. It comprizes 
the hilly land, most of which is badly washed and all of which is subject to erosion. 
Fortunately the extent of this type in the county is not large. It is confined 
principally to Skillet Fork creek and its tributaries. Very little, if any, of this 
type should be cultivated. Its chief use should be for permanent pasture. 
Orcharding might be practiced on the more gentle slopes. A large part of the 
area could be profitably utilized for the regrowth of forests; in facet, all of the 
timber never should have been cut off. Small outeroppings of shale and sand- 
stone rock occur on some of the steeper slopes. 

Glacial till, a sandy, pebbly clay mass, is the chief material forming this 
type. It seldom shows any profile development because of the rapid removal of 
soil material by erosion. The slopes are steep, the topography is rough, and both 
the surface and underdrainage are good. 


Management.—A very small percentage of this type is at present used for 
cultivated crops. It affords a little pasture, but, in the main, yields small returns. 
It is badly gullied and, in view of the fact that there is a large acreage of better 
land in the county which is not fully utilized, present conditions do not appear 
to warrant the expenditure of much money in its development. Some of the 
better areas are well adapted to orcharding but most of the type should be re- 
turned to forest.. 


Light Gray Silt Loam On Tight Clay (332) 


Light Gray Silt Loam On Tight Clay occupies the very flat, exceptionally 
poorly drained areas. It is associated with Yellow-Gray Silt Loam On Tight 
Clay. It covers a total area of 15.67 square miles, and occurs in small areas 
scattered thruout the county. Its topography is very flat, and both the surface 
and underdrainage are very poor. During wet weather the surface soil is soft, 
while in dry weather it bakes and becomes very hard. These areas are spoken 
of as ‘‘post oak flats’’ or ‘‘hickory flats,’’ because of the kind of timber which 
grows on them. Black iron. pellets, known as ‘‘buckshot,’’ are found on the 
surface. 

The A, horizon, 0 to 4 inches, is a light yellowish gray, friable silt loam, 
laminated in structure and containing black iron coneretions. The A, horizon, 
4 to 16 inches, is a light gray to white, ashy silt loam. It is laminated in the 
upper 6 or 8 inches, and contains iron concretions. The B horizon, 16 to 35 
inches, is a pale yellow, mottled, very plastic, impervious tight clay containing ~ 
iron concretions. The C€ horizon, below 35 inches, is a pale yellow, mottled, 
compact silty clay loam. It contains yellow iron concretions, and has a distinct 
columnar structure in the upper 8 or 10 inches. Below about 35 inches, it becomes 
a yellow, mottled, friable silt loam. Some sand and small pebbles occur in the 
B and C horizons, and occasionally the compact gravelly drift is found at 36 
inches. Slick spots, as described under the type Gray Silt Loam On Tight Clay, 
occur in this type. Cultivation of this type has produced changes in the profile 
such as those described under the type Yellow-Gray Silt Loam On Tight Clay. 
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Management.—This soil is strongly acid, very low in organic matter, and will 
not produce the grain crops except in the most favorable seasons. The flat topog- 
raphy of the type makes surface drainage difficult, and underdrainage cannot be 
used because of the impervious character of the subsoil. Apples do well on 
this soil, 


(c) RIDGE SOILS 


The remnants of preglacial topography, left in the form of knolls and 
ridges, and the accumulations of drift left by the glacier at times when its re- 
cession was interrupted, have been mapped as Ridge Soils. These higher areas 
vary in extent from ten to several hundred acres, and in height from 10 to 80 
feet. They vary in topography. from gently rolling to fairly steep, and in drain- 
age from fair to exceptionally good. Compact pebbly drift is usually found 
within 40 inches of the surface, and on the preglacial knolls the depth to bed 
rock is seldom over 6 feet. 


Gray-Red Silt Loam On Tight Clay (233) 


Gray-Red Silt Loam On Tight Clay is now recognized as including two types, 
the characters of which have been developed under different conditions of topog- 
raphy and drainage. The undulating to gently rolling, fairly well-drained areas 
are now called Gray Silt Loam On Orange-Mottled Tight Clay. The rolling, 
well-drained areas are termed Yellowish Gray Silt Loam On Orange-Mottled 
Tight Clay. Both of these types have been described above, and the reader is 
referred to the descriptions and management suggestions on page 16. 


Yellow-Gray Silt Loam (234) 


Yellow-Gray Silt Loam, Ridge, comprizes the timbered knolls and ridges 
which rise from 30 to 80 feet above the surrounding country. This type is now 
recognized as including three types as follows: Yellow-Gray Silt Loam On Com- 
pact Mediwm-Plastic Clay, Reddish Yellow-Gray Silt Loam, and Reddish Yellow 
Silt Loam. 


Yellow-Gray Silt Loam On Compact Medium-Plastic Clay occupies the un- 
dulating to gently rolling, fairly well-drained areas. This type includes most of 
the Yellow-Gray Silt Loam (234) as mapped. The reader is referred to the 
description of the upland timber type, Yellow-Gray Silt Loam On Medium- 
Plastie Clay, and the discussion of its management on page 19. 


Reddish Yellow-Gray Silt Loam occurs only on the higher ridges in the 
southern part of the county and is limited in extent. It occupies steep and ex- 
ceptionally well-drained areas. The surface covering is’ loess-like, containing 
more fine sand than is usual for a silt loam, and the pebbly drift is found at 
about 24 inches in depth. The topography is rolling and the drainage is very 
good. 

The A, horizon, 0 to 8 inches, is a brownish or reddish yellow, friable silt 
loam with laminated structure. The A, horizon, 8 to 15 inches, is a grayish yellow, 
friable silt loam. The B horizon, 15 to 23 inches, is a reddish yellow, slightly 
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mottled compact silty clay loam. The C horizon, below 23 inches, is a yellow, 
mottled, friable, sandy and gravelly silt loam, 


Management.—Reddish Yellow-Gray Silt Loam is medium acid, and is low 


in organic matter. It is an excellent peach soil and will produce good general 
farm crops after the acidity has been corrected with limestone, and the nitrogen 
and organic-matter deficiencies have been taken care of, preferably by the growth 
of sweet clover. 


Reddish Yellow Silt Loam occurs only on two or three of the highest ridges 
in the southern part of the county. The surface covering is probably all decom- 
posed drift, but the sandy, pebbly drift lies from 10 to 15 inches below the sur- 
face. The topography of this type is steep, and the drainage exceptionally good. 
Much of the surface soil is lost by gullying and sheet washing when this type of 
soil is cultivated. 

The A, horizon, 0 to 10 inches, is a distinetly reddish yellow, friable silt loam. 
The B horizon, 10 to 21 inches, is a reddish yellow, very slightly mottled, slightly 
compacted silt loam, containing some sand and pebbles. The C horizon, below 
21 inches, is a fairly friable, yellow, mottled, sandy, pebbly silt loam. 


Management.—Reddish Yellow Silt Loam, because of its steep topography, 
should be used for orchard or pasture. It is an excellent orchard soil and when 
planted in trees can be handled in such a way as to prevent erosion. 


(d) RESIDUAL SOILS 


The areas mapped as residual soil include rock outerops which are of little, 
if any, agricultural importance. They are found in gullies and in other places 
where erosion has removed the glacial drift. The outcroppings are chiefly sand- 
stone and shale, but occasionally a thin ledge of limestone is exposed. These 
limestone ledges may be used as a local source for ground limestone by installing 
a portable crusher. They are too thin, however, to be of any general importance. 


(€) OLD SWAMP AND BOTTOM-LAND SOILS 


: This group of soils includes the bottom lands along streams, the swamps, 
and the poorly drained lowlands. The soil is of alluvial formation and the land 
is subject to overflow. There are three types occurring in Marion county which 
are classed in this group. 


e 


Deep Gray Silt Loam (1331) 


Deep Gray Silt Loam is the predominating bottom-land type in southern 
Illinois. It occupies 24.85 square miles in this county. The material forming 
this type is mainly a silt brought down from the surrounding hills, and deposited 
by slowly moving water during flood times. It has been kept under high moisture 
conditions thruout most of the year. The streams flowing thru these bottom 
lands are sluggish and meandering. The bottoms are flat and poorly drained. 


The soil is not of sufficient age to have any well-developed profile, as each over- — 


flow leaves some deposit on the surface, 
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The A, horizon, 7 to 10 inches, is a yellowish gray, friable silt loam with iron 
coneretions. The A, horizon, below 10 inches, is a gray, slightly compacted, silt 
or silty clay loam, containing heavy iron concretions. In areas that are least 
disturbed by deposition from overflow, a compact subsoil has developed at depths 
varying from 18 to 22 inches. This compaction is rarely over 4 inches in thickness. 

Management.—Deep Gray Silt Loam, Bottom, as it occurs in Marion county, 
is medium acid. About 80 percent of the type is cleared and somewhat over half 
of the total area is farmed. The drainage is poor, however, and this fact limits 
the productivity of this soil more than any other one factor. Corn is the chief 
- erop grown. Tiling is effective on this land. On areas where the overflow and 
drainage can be taken care of, a very satisfactory level of productivity can easily 
be attained by the use of limestone and the introduction of clover as a regular 
erop in the rotation. 


Mixed Loam (1354) 


Mixed Loam is found in the small bottom lands at the heads of streams. It 
occupies 23.86 square miles. It overflows after each heavy rain and is con- 
tinually receiving new deposits of material brought down from the adjoining 
upland. The soil material is mainly fine sand and silt. The areas have flat 
topography, and are fairly well drained. The soil shows no true profile develop- 
ment.because of its youth. The material ranges from a yellowish gray fine sandy 
loam on the surface to a light yellowish gray or gray silt loam below 20 inches. 

Management.—Mixed Loam, Bottom, is only slightly ‘acid. It is subject to 
frequent overflow and for this reason will not become more acid with cultivation, 
as upland soils do. Practically the entire area of this type is farmed in corn. 


Drab Clay Loam (1321) 


Drab Clay Loam occupies only 51 acres, located along Crooked creek in 
Township 1 North, Range 1 East. Until recent years this area has been swampy. 
It differs from Deep Gray Silt Loam only in having more of a drabbish color and 
containing considerably more clay in the surface. Below 20 inches it is essentially 
the same as Deep Gray Silt Loam. 

Management.—Drab Clay Loam, Bottom, is medium to strongly acid. It is 
used for corn growing and produces fairly good yields, tho not so good as those 
produced by Mixed Loam. 


APPENDIX 


EXPLANATIONS FOR INTERPRETING THE SOIL SURVEY 
CLASSIFICATION OF SOILS 


In order intelligently to interpret the soil map, the reader must understand 
something of the method of soil classification upon which the survey is based. 
Without going far into details the following paragraphs are intended to furnish 
a brief explanation of the general plan of classification used. 

The soil type is the unit of classification. Each type has definite charac- 
teristics upon which its separation from other types is based. These character- 
istics are inherent+in the strata, or ‘‘horizons,’’ which constitute the soil profile 
in all mature soils. Among them may be mentioned color, structure, texture, 
and chemical composition. Other items which may assist in the differentiation 
of types, but which are not fundamental to it, are native vegetation (whether 
timber or prairie), topography, and geological origin and formation. 

Since some of the terms used in designating the factors which are taken 
into account in establishing soil types are technical in nature, the following defi- 
nitions are introduced: 


Horizon. A layer or stratum of soil which differs discernibly from those adjacent in 
color, texture, structure, chemical composition, or a combination of these characteristics, is 
called an horizon. In describing a matured soil, three horizons designated as A, B, and C 
are usually considered. 

A designates the upper horizon and, as developed under the conditions of a humid, tem- 
perate climate, represents the layer of extraction or eluviation; that is to say, material in 
solution or in suspension has passed out of this zone thru the processes of weathering. 

B represents the layer of concentration or illuviation; that is, the layer developed as a 
result of the accumulation of material thru the downward movement of water from the A 
horizon. 

C designates the layer lying below the B horizon and in which the material has been less 
affected by the weathering processes. E 

Frequently differences within a stratum or zone is discernible, in which ease it is sub- 
divided and described under such designations as A, and A,, B, and B,, ete. 

Soil Profile. The soil section as a whole is spoken of as the soil profile. 

Depth and Thickness. The horizons or layers which make up the soil profile vary in 
depth and thickness. These variations are distinguishing features in the separation of soils 
into types. 

Physical Composition. The physical composition, sometimes referred to as ‘‘texture,’’ 
is a most important feature in characterizing a soil. The texture depends upon the rela- 
tive proportions of the following physical constituents: clay, silt, fine sand, sand, gravel, 
stones, and organic material. 

Structure. The term ‘‘structure’’ has reference to the aggregation of particles within 
the soil mass and carries such qualifying terms as open, granular, compact, columnar, 
laminated. 

Organic-Matter Content. The organic matter of soil is derived largely from plant 
tissue and it exists in a more or less advanced stage of decomposition. Organic matter 
forms the predominating constituent in certain soils of swampy formation. 

Color. Color is determined to a large extent by the proportion of organic matter, but 
at the same time it is modified by the mineral constituents, especially by iron compounds. 

Reaction. The term ‘‘reaction’’ refers to the chemical state of the soil with respect 
to acid or alkaline condition. It also involves the idea of degree, as strongly acid or 
strongly alkaline. 

Carbonate Content. The carbonate content has reference to the calcium carbonate 
(limestone) present, which in some cases may be associated with magnesium or other car- 
bonates. The depth at which carbonates are found may become a very important factor 
in determining the soil type. 


Topography. Topography has reference to the lay of the land, as level, rolling, hilly, ete. 
24 
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Native Vegetation. The vegetation or plant growth before being disturbed by man, 
z= ig grasses and forest trees, is a feature frequently recognized as determining soil 
ia Geological Origin. Geological origin involves the idea of character of rock materials 
composing the soil as well as the method of formation of the soil material. 

Not infrequently areas are encountered in which type characters are not 
distinetly developed or in which they show considerable variation. When these 
variations are considered to have sufficient significance, type separations are 
made whenever the areas involved are sufficiently large. Because of the almost 
infinite variability occurring in soils, one of the exacting tasks of the soil sur- 
veyor is to determine the degree of variation which is allowable for any given 
type. 

Classifying Soil Types.—In the system of classification used, the types fall 
first into four general groups based upon their geological relationships; namely, 
upland, terrace, swamp and bottom land, and residual. These groups may be 
subdivided into prairie soils and timber soils, altho as a matter of faet this sub- 
division is applied in the main only to the upland group. These terms are all 
explained in the foregoing part of the report in connection with the description 
of the particular soil types. 


Naming and Numbering Soil Types.—In the Illinois soil survey a system 
of nomenclature is used which is intended to make the type name convey some 
idea of the nature of the soil. Thus the name ‘‘Yellow-Gray Silt Loam’’ car- 
ries in itself a more or less definite description of the type. It should not be 
assumed, however, that this system of nomenclature makes it possible to devise 
type names which are adequately descriptive, because the profile of mature soils 
is usually made up of three or more horizons and it is impossible to describe each 
horizon in the type name. The color and texture of the surface soil are usually 
included in the type name and when material such as sand, gravel, or rock lies 
at a depth of less than 30 inches, the fact is indicated by the word ‘‘on,’’ and when 
its depth exceeds 30 inches, by the word ‘‘over’’; for example, Brown Silt Loam 
On Gravel, and Brown Silt Loam Over Gravel. 

As a further step in systematizing the listing of the soils of Illinois, recog- 
nition is given to the location ‘of the types with respect to the geological areas 
in which they occur. According to a geological survey made many years ago, 
the state has been divided into seventeen areas with respect to geological forma- 
tion and, for the purposes of the soil survey, each of these areas has been assigned 
an index number. The names of the areas together with their general location 
and their corresponding index numbers are given in the following list. 

000 Residual, soils formed in place thru disintegration of rocks, and also rock outcrop 

100 Unglaciated, including three areas, the largest being in the south end of the state 

200 Illimoisan moraines, including the moraines of the Illinoisan glaciations 

300 Lower Illinoisan glaciation, formerly considered as covering nearly the south third of 
the state 

400 Middle Ilinoisan glaciation, covering about a dozen counties in the west-central part 
of the state ‘ 

500 Upper Illinoisan glaciation, covering about fourteen counties northwest of the middle 
Illinoisan glaciation : 

- 600 Pre-Iowan glaciation, but now believed to be part of the upper Illinoisan 
700 Iowan glaciation, lying in the central northern end of the state 


800 Deep loess areas, including a zone a few miles wide along the Wabash, Illinois, and 
Mississippi rivers 
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900 Early Wisconsin moraines, including the moraines of the early Wisconsin glaciation 

1000 Late Wisconsin moraines, including the moraines of the late Wisconsin glaciation 

1100 Early Wisconsin glaciation, covering the greater part of the northeast quarter of the 
state \ 

1200 Late Wisconsin glaciation, lying in the northeast corner of the state 

1300 River-bottom and swamp lands, formed by material derived from the Ilinoisan or older 
glaciations 

1400 River-bottom and swamp lands, formed by material derived from the Wisconsin and 
Iowan glaciations 

1500 Terraces, bench or second bottom lands, and gravel outwash plains 

1600 Lacustrine deposits, formed by Lake Chicago, the enlarged glacial Lake Michigan 


Further information regarding these geological areas is given in connection 
with the general map mentioned above and published in Bulletin 123 (1908). 

Another set of index numbers is assigned to the classes of soils as based 
upon physical composition. The following list contains the names of these classes 
with their corresponding index numbers, 


Index Number Limits Class Names 
1D EO- AD = mix oc van oie oiele slo de Bia eials ratats etre Peats 

LO) CO GAD 5. taps,5 ee cow olosalole cele sin stele ciate es ees Peaty loams 
SS" (0 DA oie yes Sees site oe ote Mucks 

LD COLES os ciarms.5inys pices ime ed ota oie oie te Clays 

20). $01.24 wee sive thse ad vain ave Bae atten le Clay loams 

D5 OAD S dae va ais: beveled is este ne oe ohe AE aR Silt loams 
BOG: -O9 six ain. debe 6 Wiis diate ol wiane ena miei Loams 

GO: GO°79 . dirs ow ws wrereinin ae eiaisioters eae akan ees Sandy loams 
BOn GO), SO sis xia a Adee stab aloe eal nie ee Sands 

90 $0 94 o.5 xn atale siete acm pita Gravelly loams 
95 LO OT5 5 on ate satalele aster cue ees nie eerste Gravels 

OS b sc. eistawisle id seca Oe Ble eters eageeel teas Stony loams 
OD oon’ duo deta gid alee nah Bieta cae ae en seenat see ee Rock outcrop 


As a convenient means of designating types and their location with respect 
to the geological areas of the state, each type is given a number made up of a 
combination of the index numbers explained above. This number indicates the 
type and the geological area in which it occurs. The geological area is always 
indicated by the digits of the order of hundreds while the balance of the number 
designates the type. To illustrate: the number 1126 means Brown Silt Loam 
in the early Wisconsin glaciation, 434 means Yellow-Gray Silt Loam of the mid- 
dle Illinoisan glaciation. These numbers are especially useful in designating 
very small areas on the map and as a check in reading the colors. 

A complete list of the soil types occurring in each county, along with their 
corresponding type numbers and the area covered by each type, will be found 
in the respective county soil reports in connection with the maps. 


SOIL SURVEY METHODS 

Mapping of Soil Types—tIn conducting the soil survey, the county consti- 
tutes the unit of working area. The field work is done by parties of two to four 
men each. The field season extends from early in April to Thanksgiving. Dur- 
ing the winter months the men are engaged in preparing a copy of the soil map 
to be sent to the lithographer, a copy for the use of the county farm adviser until 
the printed map is available, and a third copy for use in the office in order to 
preserve the original official map in good condition. 

An accurate base map for field use is necessary for soil nappa These 
maps are prepared on a scale of one inch to the mile, the official data of the 
original or subsequent land-survey being used as the basis in their construction. 
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Each surveyor is provided with one of these base maps, which he carries with 
him in the field; and the soil type boundaries, together with the streams, roads, 
railroads, canals, town sites, and rock and gravel quarries are placed in their 
proper location upon the map while the mapper is on the area. With the rapid 
development of road improvement during the past few years, it is almost in- 
evitable that some recently established roads will not appear on the published 
soil map. Similarly, changes in other artificial features will occasionally occur 
in the interim between the preparation of the map and its publication. The 
detail or minimum size of areas which are shown on the map varies somewhat, 
but in general a soil type if less than five acres in extent is not shown. 

A soil auger is carried by each man with which he can examine the soil to 
a depth of 40 inches. An extension for making the auger 80 inches long is taken 
by each party, so that the deeper subsoil may be studied. Each man earries a 
compass to aid in keeping directions. Distances along roads are measured by 
a speedometer or other measuring device, while distances in the field away from 
the roads are measured by pacing. 

Sampling for Analysis——After all the soil types of a county have been 
located and mapped, samples representative of the different types are collected 
for chemical analysis. The samples for this purpose are usually taken in three 
depths; namely, 0 to 624 inches, 624 to 20 inches, and 20 to 40 inches, as explained 
in connection with the discussion of the analytical data on page 7. 


PRINCIPLES OF SOIL FERTILITY 


Probably no agricultural fact is more generally known by farmers and land- 
owners than that soils differ in productive power. A fact of equal importance, 
not so generally recognized, is that they also differ in other characteristics such 
as response to fertilizer treatment and to management. 

The soil is a dynamic, ever-changing, exceedingly complex substance made 
up of organic and inorganic materials and teeming with life in the form of 
microorganisms. Because of these characteristics, the soil cannot be considered 
as a reservoir into which a given quantity of an element or elements of plant 
- food can be poured with the assurance that it will respond with a given increase 
in erop yield. In a similar manner it cannot be expected to respond with per- 
fect uniformity to a given set of management standards. To be productive a soil 
must be in such condition physically with respect to structure and moisture as 
to encourage root development; and in such condition chemically that injurious 
substances are not present in harmful amounts, that a sufficient supply of the 
elements of plant food become available or usable during the growing season, 
and that lime materials are present in sufficient abundance favorable for the 
growth of the higher plants and of the beneficial microorganisms. Good soil 
management under humid conditions involves the adoption of those tillage, crop- 
ping, and fertilizer treatment methods which will result in profitable and per- 
manent crop production on the soil type concerned. 

The following paragraphs are intended to state in a brief way some of the 
principles of soil management and treatment which are fundamental to profitable 
and continued productivity. 
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TaBLE 5.—PLANtT-Foop ELEMENTS IN CoMMON Farm Crops! 


Produce 
. Phos- Potas- | Magne- : 
Kind FERRE: Nitrogen phorus Sulfur Soares scents Calcium | Iron 
lbs. lbs. lbs. lbs. lbs. lbs. lbs. 
Wheat, grain.| 1 bu. 1.42 24 .10 .26 .08 .02 .O1 
Wheat straw..} 1 ton 10.00 1.60 2.80 18.00 1.60 3.80 .60 
Corn, grain...| 1 bu, 1.00 pW .08 19 07 01 .O1 
Corn stover...| 1 ton 16.00 2.00 2.42 17.33 3.33 7.00 1.60 
Corn cobs....| 1 ton S00 Wear tae atte 4.00° | ..0cc0 +R es, 
Oats, grain...} 1 bu. 66 lids .06 .16 04 .02 .O1 
Oats straw...| 1 ton 12.40 2.00 4.14 20.80 2.80 6.00 212 
Clover seed...} 1 bu. 1.75 3 UBF LEAs 15 45) .13 Se 
Clover hay...} 1 ton 40.00 5.00 3.28 30.00 7.75 29.25 1.00 
Soybean seed.} 1 bu. 3,22 39 20 1.26 15 OLE alphas e:cs:s 


Soybean hay..} 1 ton 43.40 4.74 5.18 35.48 13.84 2TBS Pees 
Alfalfa hay...| 1 ton 52.08 4.76 5.96 16.64 8.00 22.26 


1These data are brought together from various sources. Some allowance must be made for the exactness of the 
figures because samples representing the same kind of crop or the same kind of material frequently exhibit consid- 
erable variation. 


CROP REQUIREMENTS WITH RESPECT TO PLANT-FOOD MATERIALS 


Ten of the chemical elements are known to be essential for the growth of 
the higher plants. These are carbon, hydrogen, oxygen, nitrogen, phosphorus, 
sulfur, potassium, calcium, magnesium, and iron. Other elements are absorbed 
from the soil by growing plants, including manganese, silicon, sodium, aluminum, 
chlorin, and boron. It is probable that these latter elements are present in 
plants for the most part, not because they are required, but because they are 
.dissolved in the soil water and the plant has no means of preventing their 
entrance. There is some evidence, however, which indicates that certain of these 
elements, notably manganese, silicon, and boron, may be either essential but 
required in only minute quantities, or very beneficial to plant growth under 
certain conditions, even tho not essential. Thus, for example, manganese has 
produced marked increases in crop yields on heavily limed soils. Sodium also 
has been found capable of partially replacing potassium in ease of a shortage 
of the latter element. c 

Table 5 shows the requirements of some of our most common field crops 
with respect to seven important plant-food elements furnished by the soil. The 
figures show the weight in pounds of the various elements contained in a bushel 
or in a ton, as the case may be. From these data the amount of an element re- 
moved from an acre of land by a crop of a given yield can easily be computed. 


PLANT-FOOD SUPPLY 


Of the elements of plant food, three (carbon, oxygen, and hydrogén) are 
secured from air and water, and the others from the soil. Nitrogen, one of the 
elements obtained from the soil by all plants, may also be secured from the air 
by the class of plants known as legumes, in case the amount liberated from the 
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TaBLE 6.—PLANT-Foop ELEMENTS IN MANuRE, RouGu FEEDS, AND FERTILIZERS! 


Pounds of plant food per ton 
Material of material 
Nitrogen Phosphorus | Potassium 
Peale Part MaRMUre cba ss. l cs cde cies cieeesaleess 10 2 8 
AMOUR SOUT MMEETCR cies cs ciasices'seScaecosecctacee 16 2 17 
NO GIA UE WHERE Nes oC (cicyovb ee icies.c.is soe 66% aio oie « 12 2 Pal 
EREVAN IEEE he. 3 coc ccs cceacewesddceses 10 2 18 
COIS EE 0 SoS ee 40 5 30 
OVINE ATENEO oo oc sc sce ccesceccesscccsee 43 5 33 
OTIS MRAM id lic) ge <a s cinis s a[onali a vivlca ass 50 4 24 
Sweet clover (water-free basis)?.............2..... 80 8 28 
MA PEP AOE baci eros ok oie cic sta ws wisdeicie sias'e'e COED WIMNSace dy | sure eit 
SO SR oO). 9§09 5h ee PLO, MM cP ee 
PATIO MIUMNRUTANO sh os cece ccs cseccccceseees EN gl" halk 0 coe (ree 
LL0e (ROT. 2. el ele 80 10S Seg 1 aes 5 tea 
RPCOMMECISOMOUNCAL Gt. sos foc ilec ce eect ca eets cee 20 ZO we nieg vet ae 
(Rwy loge Cn.) TE i. i ee 245, ie, | a Bie 
aM IMEEM Gy iclcisiojs ciotizacasvscviccecscce| «sees bf Vl iinet coca 
Sea a OE Te aso oi cin. oes kyeveisi v's livvieisve's| ) avieieeo'ce |) ance 850 
See U PEt sy cicccs ct aeceeedec| | eseee ‘| eéess 850 
Reet TOIT AR, Sole ao cls sas chia dicectodece|)  leeece Jo eases 200 
DUMGCMABNESCURICRCDCH).... 05... cece ect e ee ves] weeee 10 100 


1See footnote to Table 5. 
2Young second-year growth ready to plow under as green manure. 
Wood ashes also contain about 1,000 pounds of lime (calcium carbonate) per ton. 


soil is insufficient; but even these plants, which include only the clovers, peas, 
beans, and vetches among our common agricultural plants, are dependent upon 
the soil for the other six elements (phosphorus, potassium, magnesium, calcium, 
iron, and sulfur), and they also utilize the soil nitrogen so far as it becomes 
soluble and available during their period of growth. 

The vast difference with respect to the supply of these essential plant-food 
elements in different soils is well brought out in the data of the Illinois soil 
survey. For example, it has been found that the nitrogen in the surface 63% 
inches, which represents the plowed stratum, varies in amount from 180 pounds 
per acre to more than 35,000 pounds. In like manner the phosphorus content 
varies from about 420 to 4,900 pounds, and the potassium ranges from 1,530 to 
about 58,000 pounds. Similar variations are found in all of the other essential 
plant-food elements of the soil. 

With these facts in mind it is easy to understand how a deficiency of one 
of these elements of plant food may become a limiting factor of crop production. 
When an element becomes so reduced in quantity as to become a limiting factor 
of production, then we must look for some outside source of supply. Table 6 
is presented for the purpose of furnishing information regarding the quantity 
‘of some of the more important plant-food elements contained in materials most 
commonly used as sources of supply. 
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LIBERATION OF PLANT FOOD 


The chemical analysis of the soil gives the invoice of plant-food elements 
actually present in the soil strata sampled and analyzed, but the rate of libera- 
tion is governed by many factors, some of which may be controlled by the farmer, 
while others are largely beyond his control. Chief among the important con- 
trollable factors which influence the liberation of plant food are the choice of 
crops to be grown, the use of limestone, and the incorporation of organie matter. 
Tillage, especially plowing, also has a considerable effect in this connection. 


Feeding Power of Plants——Different species of plants exhibit a very great 
diversity in their ability to obtain plant food directly from the insoluble minerals 
of the soil. As @ class, the legumes—especially such biennial and perennial 
legumes as red clover, sweet clover, and alfalfa—are endowed with unusual 
power to assimilate from mineral sources such elements as calcium and phos- 
phorus, converting them into available forms for the crops that follow. For this 
reason it is especially advantageous to employ such legumes in connection with 
the application of limestone and rock phosphate. Thru their growth and subse- 
quent decay large quantities of the mineral elements are liberated for the benefit 
of the cereal crops which follow in the rotation. Moreover, as an effect of the 
deep-rooting habit of these legumes, mineral plant-food elements are brought up 
and rendered available from the vast reservoirs of the lower subsoil. 


Effect of Limestone.—Limestone corrects the acidity of the soil and supplies 
calcium, thus encouraging the development not only of the nitrogen-gathering 
bacteria which live in the nodules on the roots of clover, cowpeas, and other 
legumes, but also the nitrifying bacteria, which have power to transform the 
unavailable organic nitrogen into available nitrate nitrogen. At the same time, 
the products of this decomposition have power to dissolve the minerals contained 
in the soil, such as potassium and magnesium compounds. 


Organic Matter and Biological Action—Organie matter may be supplied 
thru animal manures, consisting of the excreta of animals and usually accom- 
panied by more or less stable litter; and by plant manures, including green- 
manure crops and cover crops plowed under, and also crop residues such as stalks, 
straw, and chaff. The rate of decay of organic matter depends largely upon its 
age, condition, and origin, and it may be hastened by tillage. The chemical 
analysis shows correctly the total organic carbon, which constitutes, as a rule, 
but little more than half the organic matter; so that 20,000 pounds of organic 
carbon in the plowed soil of an acre corresponds to nearly 20 tons of organic 
matter. But this organic matter consists largely of the old organic residues that 
have accumulated during the past centuries because they were resistant to decay, 
and 2 tons of clover or cowpeas plowed under may have greater power to liberate 
plant-food materials than 20 tons of old, inactive organic matter. The history of 
the individual farm or field must be depended upon for information concerning 
recent additions of active organic matter, whether in applications of farm 
manure, in legume crops, or in sods of old pastures. 

The condition of the organic matter of the soil is indicated to some extent 
by the ratio of carbon to nitrogen. Fresh organic matter recently incorporated 
with the soil contains a very much higher proportion of carbon to nitrogen than 
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do the old resistant organic residues of the soil. The proportion of carbon to 
nitrogen is higher in the surface soil than in the corresponding subsoil, and in 
general this ratio is wider in highly productive soils well charged with active 
organic matter than in very old, worn soils badly in need of active organic matter. 

The organic matter furnishes food for bacteria, and as it decays certain 
decomposition products are formed, including much carbonic acid, some nitrous 
acid, and various organic acids, and these acting upon the soil have the power to 
dissolve the essential mineral plant foods, thus furnishing available phosphates, 
nitrates, and other salts of potassium, magnesium, calcium, etc., for the use of 
the growing crop. 

Effect of Tillage Tillage, or cultivation, also hastens the liberation of plant- 
food elements by permitting the air to enter the soil. It should be remembered, 
however, that tillage is wholly destructive, in that it adds nothing whatever to 
the soil, but always leaves it poorer, so far as plant-food materials are concerned. 
Tillage should be practiced so far as is necessary to prepare a suitable seed bed 
for root development and also for the purpose of killing weeds, but more than 
this is unnecessary and unprofitable; and it is much better actually to enrich 
the soil by proper applications of limestone, organic matter, and other fertilizing 
materials, and thus promote soil conditions favorable for vigorous plant growth, 
than to depend upon excessive cultivation to accomplish the same object at the 
expense of the soil. 


PERMANENT SOIL IMPROVEMENT 


According to the kind of soil involved, any comprehensive plan contemplat- 
ing a permanent system of agriculture will need to take into account some of the 
following considerations. 


The Application of Limestone 


The Function of Limestone ——In considering the application of limestone 
to land it should be understood that this material functions in several different 
ways, and that a beneficial result may therefore be attributable to quite diverse 
causes. Limestone provides calcium, of which certain crops are strong feeders. 
It corrects acidity of the soil, thus making for some crops a much more favorable 
environment as well as establishing conditions absolutely required for some of 
the beneficial legume bacteria. It accelerates nitrification and nitrogen fixation. 
It promotes sanitation of the soil by inhibiting the growth of certain fungous 
diseases, such as corn-root rot. Experience indicates that it modifies either 
directly or indirectly the physical structure of fine-textured soils, frequently to 
their great improvement. Thus, working in one or more of these different ways, 
limestone often becomes the key to the improvement of worn lands. 

How to Ascertain the Need for Limestone.—One of the most reliable indica- 
tions as to whether a soil needs limestone is the character of the growth of certain 
legumes, particularly sweet clover and alfalfa. These crops do not thrive in 
acid soils. Their successful growth, therefore, indicates the lack of sufficient 
acidity in the soil to be harmful. In case of their failure to grow the soil should 
be tested for acidity as described below. <A very valuable test for ascertaining 
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the need of a soil for limestone is found in the potassium thiocyanate test for 
soil acidity. It is desirable to make the test for carbonates along with the acidity 
test. Limestone is calcium carbonate, while dolomite is the combined carbonates 
of calcium and magnesium. The natural occurrence of these carbonates in the 
soil is sufficient assurance that no limestone is needed, and the acidity test will 
be negative. On lands which have been treated with limestone, however, the 
surface soil may give a positive test for carbonates, owing to the the presence of 
undecomposed pieces of limestone, and at the same time a positive test for acidity 
may be secured. Such a result means either that insufficient limestone has been 
added to neutralize the acidity, or that it has not been in the soil long enough 
to entirely correct the acidity. In making these tests, it is desirable to examine 
samples of soil from different depths, since carbonates may be present, even in 
abundance, below a surface stratum that is acid. Following are the directions 
for making the tests: 

The Potassium Thiocyanate Test for Acidity. This test is made with a 4-percent solu- 
tion of potassium thiocyanate in aleohol—4 grams of potassium thiocyanate in 100 cubic 
centimeters of 95-percent alcohol When a small quantity of soil shaken up in a test tube 
with this solution gives a red color the soil is acid and limestone should be applied. If the 
solution remains colorless the soil is not acid. An excess of water interferes with the reac- 
tion. The sample when tested, therefore, should be at least as dry as when the soil is in 


good tillable condition. For a prompt reaction the temperature of the soil and solution 
should be not lower than that of comfortable working conditions (60° to 75° Fahrenheit). 


The Hydrochloric Acid Test for Carbonates. Take a small representative sample of 
soil and pour upon it a few drops of hydrochloric (muriatic) acid, prepared by diluting the 
concentrated acid with an equal volume of water. The presence of limestone or some other 
carbonates will be shown by the appearance of gas bubbles within 2 or 3 minutes, producing 
foaming or effervescence. The absence of carbonates in a soil is not in itself evidence that 
the soil is acid or that limestone should be applied, but it indicates that the Seated sacmpa 
potassium thiocyanate test should be carried out. 


Amounts to Apply.—Acid soils should he treated with limestone whenever 
such application is at all practicable. The initial application varies with the 
degree of acidity and will usually range from 2 to 6 tons an acre. The larger 
amounts will be needed on strongly acid soils, particularly on land being pre- 
pared for alfalfa. When sufficient limestone has been used to establish condi- 
tions favorable to the growth of legumes, no further applications are necessary 
until the acidity again develops to such an extent as to interfere with the best 
growth of these crops. This will ordinarily be at intervals of several years. In 
the case of an inadequate supply of magnesium in the soil, the occasional use 
of magnesian (dolomitic) limestone would serve to correct this deficiency. 
Otherwise, so far as present knowledge indicates, either form of limestone— 
high-calcium or magnesian—will be equally effective, depending upon the purity 
and fineness of the respective stones. 


Fineness of Material.—The fineness to which limestone is ground is an im- 
portant consideration in its use for soil improvement. Experiments indicate. 
that a considerable range in this regard is permissible. Very fine grinding insures 
ready solubility, and thus promptness in action; but the finer the grinding the 


* Since undenatured alcohol is difficult to obtain, some of the denatured alcohols have been 
tested for making this solution. Completely denatured alcohol made over U. 8. Formulas No. 


1 and No. 4, have been found satisfactory. Some commercial firms are offering other prepara- 
tions which are satisfactory, 
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greater is the expense involved. A grinding, therefore, that furnishes not too 
large a proportion of coarser particles along with the finer, similar to that of 
the by-product material on the market, is to be recommended. Altho the exact 
proportions of coarse and fine material cannot be prescribed, it may be said that 
a limestone crushed so that the coarsest fragments will pass thru a screen of 4 
to 10 meshes to the inch is satisfactory if the total product is used. 


The Nitrogen Problem 


Nitrogen presents the greatest practical soil problem in American agricul- 
ture. Four important reasons for this are: its increasing deficiency in most 
soils; its cost when purchased on the open market; its removal in large amounts 
by crops; and its loss from soils thru leaching. Nitrogen usually costs from 
four to five times as much per pound as phosphorus. A 100-bushel crop of corn 
requires 150 pounds of nitrogen for its growth, but only 23 pounds of phosphorus. 
The loss of nitrogen from soils may vary from a few pounds to over one hundred 
pounds per acre, depending upon the treatment of the soil, the distribution of 

‘rainfall, and the protection afforded by growing crops. 

An inexhaustible supply of nitrogen is present in the air. Above each acre 
of the earth’s surface there are about sixty-nine million pounds of atmospheric 
nitrogen. The nitrogen above one square mile weighs twenty million tons, an 
amount sufficient to supply the entire world for four or five decades. This large 
supply of nitrogen in the air is the one to which the world must eventually turn. 

There are two methods of collecting the inert nitrogen gas of the air and 
combining it into compounds that will furnish products for plant growth. These 
are the chemical and the biological fixation of the atmospheric nitrogen. Farmers 
have at their command one of these methods. By growing inoculated legumes, 
nitrogen may be obtained from the air, and by plowing under more than the 
roots of these legumes, nitrogen may be added to the soil. 

Inasmuch as legumes are worth growing for purposes other than the fixation 
of atmospheric nitrogen, a considerable portion of the nitrogen thus gained 
may be considered a by-product. Because of that fact, it is questionable whether 
the chemical fixation of nitrogen will ever be able to replace the simple method 
of obtaining atmospheric nitrogen by growing inoculated legumes in the pro- 
duction of our great grain and forage crops. 

It may well be kept in mind that the following amounts of nitrogen are 
required for the produce named: 


1 bushel of oats (grain and straw) requires 1 pound of nitrogen. 

1 bushel of corn (grain and stalks) requires 114 pounds of nitrogen. 

1 bushel of wheat (grain and straw) requires 2 pounds of nitrogen. 

1 ton of timothy contains 24 pounds of nitrogen. 

1 ton of clover contains 40 pounds of nitrogen. 

1 ton of cowpea hay contains 43 pounds of nitrogen. 

1 ton of alfalfa contains 50 pounds of nitrogen. 

1 ton of average manure contains 10 pounds of nitrogen. 

1 ton of young sweet clover, at about the stage of growth when it is plowed under as 
green manure, contains, on water-free basis, 80 pounds of nitrogen. 


The roots of clover contain about half as much nitrogen as the tops, and the 
roots of cowpeas contain about one-tenth as much as the tops, Soils of mod- 


34 Sor Reprort No. 34: APPENDIX [November, 


erate productive power will furnish as much nitrogen to clover (and two or three 
times as much to cowpeas) as will be left in the roots and stubble. In grain 
crops, such as wheat, corn, and oats, about two-thirds of the nitrogen is con- 
tained in the grain and one-third in the straw or stalks. 


The Phosphorus Problem 


The element phosphorus is an indispensable constituent of every living cell. 
It is intimately connected with the life processes of both plants and animals, the 
nuclear material of the cells being especially rich in this element. 

The phosphorus content of the soil is dependent upon the origin of the soil. 
The removal of phosphorus by continuous cropping slowly reduces the amount 
of this element in the soil available for crop use, unless its addition is provided 
for by natural means, such as overflow, or by agricultural practices, such as the 
addition of phosphatic fertilizers and rotations in which deep-rooting, leguminous 
crops are frequently grown, 

It should be borne in mind in connection with the application of phosphate, - 
or of any other fertilizing material, to the soil, that no benefit can result until 
the need for it has become a limiting factor in plant growth. For example, if 
there is already present in the soil sufficient available phosphorus to produce a 
forty-bushel crop, and the nitrogen supply or the moisture supply is sufficient 
for only forty bushels, or less, then extra phosphorus added to the soil cannot 
increase the yield beyond this forty-bushel limit. 

There are several different materials containing phosphorus which are 
applied to land as fertilizer. The more important of these are bone meal, acid 
phosphate, natural raw rock phosphate, and basic slag. Obviously that carrier 
of phosphorus which gives the most economical returns, as considered from all 
standpoints, is the most suitable one to use. Altho this matter has been the 
subject of much discussion and investigation the question still remains unsettled. 
Probably there is no single carrier of phosphorus that will prove to be the most 
economical one to use under all circumstances because so much depends upon 
soil conditions, crops grown, length of haul, and market conditions. 


Bone meal, prepared from the bones of animals, appears on the market in 
two different forms, raw and steamed. Raw bone meal contains, besides the 
phosphorus, a considerable percentage of nitrogen which adds a useless expense 
if the material is purchased only for the sake of the phosphorus. As a source of 
phosphorus, steamed bone meal is preferable to raw bone meal. Steamed bone 
meal is prepared by extracting most of the nitrogenous and fatty matter from 
the bones, thus producing a more nearly pure form of calcium phosphate con- 
taining about 10 to 12 percent of the element phosphorus. 


Acid phosphate is produced by treating rock phosphate with sulfurie acid. 
The two are mixed in about equal amounts; the product therefore contains 
about one-half as much phosphorus as the rock phosphate itself. Besides phos- 
phorus, acid phosphate also contains sulfur, which is likewise an element of 
plant food. The phosphorus in acid phosphate is more readily available for 
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absorption by plants than that of raw rock phosphate. Acid phosphate of good 
quality should contain 6 percent or more of the element phosphorus. 


Rock phosphate, sometimes called floats, is a mineral substance found in 
vast deposits in certain regions. The phosphorus in this mineral exists chem- 
ically as tri-calecium phosphate, and a good grade of the rock should contain 
121% percent, or more, of the element phosphorus. The rock should be ground 
to a powder, fine enough to pass thru a 100-mesh sieve, or even finer, 

The relative cheapness of raw rock phosphate, as compared with the treated 
or acidulated material, makes it possible to apply for equal money expenditure 
considerably more phosphorus per acre in this form than in the form of acid 
phosphate, the ratio being, under the market conditions of the past several years, 
about 4 to 1. That is to say, under these market conditions, a dollar will pur- 
chase about four times as much of the element phosphorus in the form of rock 
phosphate as in the form of acid phosphate, which is an important consideration 
if one is interested in building up a phosphorus reserve in the soil. As explained 
above, more very carefully conducted comparisons on various soil types under 
various cropping systems are needed before definite statements can be given as 
to which form of phosphate is most economical to use under any given set of 
conditions, 

Basic slag, known also as Thomas phosphate, is another carrier of phos- 
phorus that might be mentioned because of its considerable usage in Europe 
and eastern United States. Basie slag phosphate is a by-product in the manu- 
facture of steel. It contains a considerable proportion of basic material and 
therefore it tends to influence the soil reaction. 

Rock phosphate may be applied at any time during a rotation, but it is 
applied to the best advantage either preceding a crop of clover, which plant 
seems to possess an unusual power for assimilating the phosphorus from raw 
phosphate, or else at a time when it can be plowed under with some form of 
organic matter such as animal manure or green manure, the decay of which 
serves to liberate the phosphorus from its insoluble condition in the rock. It is 
important that the finely ground rock phosphate be intimately mixed with the 
organic material as it is plowed under. 

In using acid phosphate or bone meal in a cropping system which includes 
wheat, it is a common practice to apply the material in the preparation of the 
wheat ground. It may be advantageous, however, to divide the total amount 
to be used and apply a portion to the other crops of the rotation, particularly 
to corn and to clover. 


The Potassium Problem 


Our most common soils, which are silt loams and clay loams, are well stocked 
with potassium, altho it exists largely in a slowly soluble form. Such soils as 
sands and peats, however, are likely to be low in this element. On such soils 
this deficiency may be remedied by the application of some potassium salt, such 
as potassium sulfate, potassium chlorid, kainit, or other potassium compound, 
and in many instances this is done at great profit. 
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From all the facts at hand it seems, so far as our great areas of common 
soils are concerned, that, with a few exceptions, the potassium problem is not 
one of addition but of liberation. The Rothamsted records, which represent the 
oldest soil experiment fields in the world, show that for many years other soluble 
salts have had practically the same power as potassium salts to increase crop 
yields in the absence of sufficient decaying organic matter. Whether this action 
relates to supplying or liberating potassium for its own sake, or to the power 
of the soluble salt to increase the availability of phosphorus or other elements, 
is not known, but where much potassium is removed, as in the entire crops at 
Rothamsted, with no return of organic residues, probably the soluble salt fune- 
tions in both wayst 

Further evidence on this matter is furnished by the Illinois experiment field 
at Fairfield, where potassium sulfate has been compared with kainit both with 
and without the addition of organic matter in the form of stable manure. Both 
sulfate and kainit produced a substantial increase in the yield of corn, but the 
cheaper salt—kainit—was just as effective as the potassium sulfate, and returned 
some financial profit. Manure alone gave an increase similar to that produced 
by the potassium salts, but the salts added to the manure gave very little increase 
over that produced by the manure alone. This is explained in part, perhaps, by 
the fact that the potassium removed in the crops is mostly returned in manure 
properly eared for, and perhaps in larger part by the fact that decaying organic 
matter helps to liberate and hold in solution other plant-food elements, especially 
phosphorus. 

In laboratory experiments at the Illinois Experiment Station, it has been 
shown that potassium salts and most other soluble salts increase the solubility of 
the phosphorus in soil and in rock phosphate; also that the addition of glucose 
with rock phosphate in pot-culture experiments increases the availability of the 
phosphorus, as measured by plant growth, altho the glucose consists only of ear- 
bon, hydrogen, and oxygen, and thus contains no limiting element of plant food. 

In considering the conservation of potassium on the farm it should be re- 
membered that in average livestock farming the animals destroy two-thirds of 
the organic matter and retain one-fourth of the nitrogen and phosphorus from 
the food they consume, but that they retain less than one-tenth of the potassium ; 
so that the actual loss of potassium in the products sold from the farm, either 
in grain farming or in livestock farming, is negligible on land containing 25,000 
pounds or more of potassium in the surface 62 inches. 


The Calcium and Magnesium Problem 


When measured by crop removals of the plant-food elements, calcium is 
often more limited in Illinois soils than is potassium, while magnesium may be 
occasionally. In the case of calcium, however, the deficiency is likely to develop 
more rapidly and become much more marked because this element is leached 
out of the soil in drainage water to a far greater extent than is either magnesium 
or potassium. : i 

The annual loss of limestone from the soil depends, of course, upon a num- 
ber of factors aside from those which have to do with climatic conditions. 
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Among these factors may be mentioned the character of the soil, the kind of 
limestone, its condition of finesness, the amount present, and the sort of farming 
practiced. Because of this variation in the loss of lime materials from the soil, 
it is impossible to prescribe a fixed practice in their renewal that will apply uni- 
versally. The tests for acidity and carbonates described above, together with the 
behavior of such lime-loving legumes as alfalfa and sweet clover, will serve as 
general indicators for the frequency of applying limestone and the amount to 
use on a given field. 

Limestone has a direct value on some soils for the plant food which it 
supplies, in addition to its value in correcting soil acidity and in improving the 
physical condition of the soil. Ordinary limestone (abundant in the southern 
and western parts of Illinois) contains nearly 800 pounds of calcium per ton; 
while a good grade of dolomitic limestone (the more common limestone of north- 
ern Illinois) contains about 400 pounds of calcium and 300 pounds of magnesium 
per ton. Both ‘of these elements are furnished in readily available form in 
ground dolomitic limestone. 


The Sulfur Question 


In considering the relation of sulfur in a permanent system of soil fertility 
it is important to understand something of the cycle of transformations that this 
element undergoes in nature. Briefly stated this is as follows: 

Sulfur exists in the soil in both organie and inorganic forms, the former 
being gradually converted to the latter form thru bacterial action. In this 
inorganic form sulfur is taken up by plants which in their physiological pro- 
cesses change it once more into an organic form as a constituent of protein. 
When these plant proteins are consumed by animals, the sulfur becomes a part 
of the animal protein. When these plant and animal proteins are decomposed, 
either thru bacterial action, or thru combustion, as in the burning of coal, the 
sulfur passes into the atmosphere or into the soil solution in the form of sulfur 
dioxid gas. This gas unites with oxygen and water to form sulfuric acid, which 
is readily washed back into the soil by the rain, thus completing the cycle, from 
soil—to plants and animals—to air—to soil. 

In this way sulfur becomes largely a self-renewing element of the soil, altho 
there is a considerable loss from the soil by leaching. Observations taken at the 
Illinois Agricultural Experiment Station show that 40 pounds of sulfur per 
acre are brought into the soil thru the annual rainfall. With a fair stock of 
sulfur, such as exists in our common types of soil, and with an annual return, 
which of itself would more than suffice for the needs of maximum crops, the 
maintenance of an adequate sulfur supply presents little reason at present for 
serious concern. There are regions, however, where the natural stock of sulfur 
in the soil is not nearly so high and where the amount returned thru rainfall is 
small. Under such circumstances sulfur soon becomes a limiting element of 
erop production, and it will be necessary sooner or later to introduce this sub- 
stance from some outside source. Investigation is now under way to determine 
to what extent this situation may apply under Illinois conditions. 


id 
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Physical Improvement of Soils 


In the management of most soil types, one very important matter, aside from 
proper fertilization, tillage, and drainage, is to keep the soil in good physical 
condition, or good tilth. The constituent most important for this purpose is 
organic matter. Organic matter in producing good tilth helps to control wash- 
ing of soil on rolling land, raises the temperature of drained soil, increases the 
moisture-holding capacity of the soil, slightly retards capillary rise and conse- 
quently loss of moisture by surface evaporation, and helps to overcome the 
tendency of some soils to run together badly. 

The physical effect of organic matter is to produce a granulation or mellow- 
ness, by cementing the fine soil particles into crumbs or grains about as large as 
grains of sand, which produces a condition very favorable for tillage, percolation 
of rainfall, and the development of plant roots. 

Organic matter is undergoing destruction during a large part of the year 
and the nitrates produced in its decomposition are used for plant growth. Altho 
this decomposition is necessary, it nevertheless reduces the amount of organic 
matter, and provision must therefore be made for maintaining the supply. The 
practical way to do this is to turn under the farm manure, straw, cornstalks, 
weeds, and all or part of the legumes produced on the farm. The amount of 
legumes needed depends upon the character of the soil. There are farms, espe- 
cially grain farms, in nearly every community where all legumes could be turned 
under for several years to good advantage. 

Manure should be spread upon the land as soon as possible after it is pro- 
duced, for if it is allowed to lie in the barnyard several months as is so often 
the case, from one-third to two-thirds of the organic matter will be lost. 

Straw and cornstalks should be turned under, and not burned. There is 
considerable evidence indicating that on some soils undecomposed straw applied 
in excessive amount may be detrimental. Probably the best practice is to apply 
the straw as a constituent of well-rotted stable manure. Perhaps no form of 
organic matter acts more beneficially in producing good tilth than ecornstalks. It 
is true, they decay rather slowly, but it is also true that their durability in the 
soil is exactly what is needed in the production of good tilth. Furthermore, 
the nitrogen in a ton of cornstalks is one and one-half times that of a ton of 
manure, and a ton of dry cornstalks incorporated in the soil will ultimately 
furnish as much humus as four tons of average farm manure. When burned, 
however, both the humus-making material and the nitrogen are lost to the soil. 

It is a common practice in the corn belt to pasture the cornstalks during 
the winter and often rather late in the spring after the frost is out of the ground. 
This trampling by stock sometimes puts the soil in bad condition for working. 
It becomes partially puddled and will be cloddy as a result. If tramped too 
late in the spring, the natural agencies of freezing and thawing and wetting 
and drying, with the aid of ordinary tillage, fail to produce good tilth before 
the crop is planted. Whether the crop is corn or oats, it necessarily suffers and 
if the season is dry, much damage may be done. If the field is put in corn, a 
poor stand is likely to result, and if put in oats, the soil is so compact as to be 
unfavorable for their growth. Sometimes the soil is worked when too wet. This 
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also produces a partial puddling which is unfavorable to physical, chemical, and 
biological processes. The effect becomes worse if cropping has reduced the 
organic matter below the amount ‘necessary to maintain good tilth. 


Systems of Crop Rotations 


In a program of permanent soil improvement one should adopt at the outset 
a good rotation of crops, including, for the reasons discussed above, a liberal 
use of legumes. No one can say in advance for every particular case what will 
prove to be the best rotation of crops, because of variation in farms and farmers 
and in prices for produce. As a general principle the shorter rotations, with 
the frequent introduction of leguminous crops, are the better adapted for build- 
ing up poor soils. 

Following are a few suggested rotations which may serve as models or out- 
lines to be modified according to special circumstances. 


Six-Year Rotations 


First year —Corn 

Second year —Corn 

Third year —Wheat or oats (with clover, or clover and grass) 
Fourth year —Clover, or clover and grass 

Fifth year —Wheat (with clover), or grass and clover 

Siath year —Clover, or clover and grass 


Of course there should be as many fields as there are years in the rotation. 
In grain farming, with small grain grown the third and fifth years, most of the 
unsalable products should be returned to the soil, and the clover may be clipped 
and left on the land or returned after threshing out the seed (only the clover 
seed being sola the fourth and sixth years) ; or, in livestock farming, the field 
may be used three years for timothy and clover pasture and meadow if desired. 
The system may be reduced to a five-year rotation by cutting out either the sec- 
ond or the sixth year, and to a four-year system by omitting the fifth and sixth 
years, as indicated below, 


Five-Year Rotations 
_ First year —Corn 
Second year —Wheat or oats (with clover, or clover and grass) 
Third year —Clover, or clover and grass 
Fourth year —Wheat (with clover), or clover and grass 
Fifth year —Clover, or clover and grass 


First year —Corn 

Second year —Corn 

Third year —Wheat or oats (with clover, or clover and grass) 
Fourth year —Clover, or clover and grass 

Fifth year —Wheat (with clover) 


First year —Corn 

Second year —Cowpeas or soybeans 

Third year —Wheat (with clover) 

Fourth year —Clover 

Fifth year —Wheat (with clover) 

The last rotation mentioned above allows legumes to be grown four times. 
Alfalfa may be grown on a sixth field for five dr six years in the combination 
rotation, alternating between two fields every five years, or rotating over all the 


fields if moved every six years. 
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Four-Year Rotations 


First year —Corn First year —Corn 

Second year —Wheat or oats (with clover) Second year —Corn 

Third year —Clover Third year —Wheat or oats (with clover) 
Fourth year —Wheat (with clover) } Fourth year —Clover 

First year —Corn First year —Wheat (with clover) 

Second year —Cowpeas or soybeans Second year —Clover 

Third year —Wheat (with clover) Third year —Corn 

Fourth year —Clover Fourth year —Oats (with clover) 


Alfalfa may be grown on a fifth field for fotir or eight years, which is to be 
alternated with one of the four; or the alfalfa may be moved every five years, 
and thus rotated over all five fields every twenty-five years. 


Three-Year Rotations 


First year + —Corn First year —Wheat or oats (with clover) 
Second year —Oats or wheat (with clover) Second year —Corn 
Third year —Clover Third year —Cowpeas or soybeans 


By allowing the clover, in the last rotation mentioned, to grow in the spring 
before preparing the land for corn, we have provided a system in which legumes 
grow on every acre every year. This is likewise true of the following suggested 
two-year system: 


Two-Year Rotations 


First year —Oats or wheat (with sweet clover) 
Second year —Corn 


Altho in this two-year rotation either oats or wheat is suggested, as a matter 
of fact, by dividing the land devoted to small grain, both of these crops can be 
grown simultaneously, thus providing a three-crop system in a tw6-year cycle. 

It should be understood that in all of the above suggested cropping systems 
it may be desirable in some cases to substitute rye for the wheat or oats. Or, in 
some cases, it may become desirable to divide the acreage of ‘small grain and 
grow in the same year more than one kind. In all of these proposed rotations 
the word clover is used in a general sense to designate either red clover, alsike 
clover, or sweet clover. The value of sweet clover, especially as a green manure 
for building up depleted soils, as well as a pasture and hay-crop, is becoming 
thoroly established, and its importance in a crop-rotation program may well 
be emphasized. 


SUPPLEMENT: EXPERIMENT FIELD DATA 


(Results from Experiment Fields on Soil Types Similar to Those Occurring in 
Marion County) 


The University of Illinois has operated altogether about fifty soil experiment 
fields in different sections of the state and on various types of soil. Altho some of 
these fields have been discontinued, the large majority are still in operation. It 
is the present-purpose to report the summarized results from certain of these 
fields located on types of soil described in the accompanying soil report. 

A few general explanations at this point, which apply to all the fields, will 
relieve the necessity of numerous repetitions in the following pages. 


Size and Arrangement of Fields 


The soil experiment fields vary in size from less than two acres up to 40 acres 
or more. They are laid off into series of plots, the plots commonly being either 
one-fifth or one-tenth acre in area. Each series is occupied by one kind of crop. 
Usually there are several series so that a crop rotation can be carried on with 
every crop represented every year, 


Farming Systems 


On many of the fields the treatment provides for two distinct systems of 
farming, livestock farming and grain farming. 

In the livestock system, stable manure is used to furnish organic matter and 
nitrogen. The amount applied to a plot is based upon the amount that can be 
produced from crops raised on that plot. 

In the grain system no animal manure is used. The organic matter and 
nitrogen are applied in the form of plant manures, including the plant residues 
produced, such as cornstalks, straw from wheat, oats, clover, ete., along with 
leguminous catch crops plowed under. It was the plan in this latter system to 
remove from the land, in the main, only the grain and seed produced, except in 
the case of alfalfa, that crop being harvested for hay the same as in the livestock 
system. Some modifications have been introduced in recent years. 


Crop Rotations 


Crops which are of interest in the respective localities are grown in definite 
rotations. The most common rotation used is wheat, corn, oats, and clover; and 
often these crops are accompanied by alfalfa growing on a fifth series. In the 
grain system a legume catch crop, usually sweet clover, is included, which is 
seeded on the young wheat in the spring and plowed under in the fall or in the 
following spring in preparation for corn. If the red clover crop fails, soybeans 
are substituted. 


Soil Treatment 


The treatment applied to the plots has, for the most part, been standardized 
according to a rather definite system, altho deviations from this system occur now 
and then, particularly in the older fields. 


41 


42 Soir Report No. 34: SupPLEMENT [ November, 


Following is a brief explanation of this standard system of treatment. 


Animal Manures—Animal manures, consisting of excreta from animals, 
with stable litter, are spread upon the respective plots in amounts proportionate 
to previous crop yields, the applications being made in the preparation for corn. 


Plant Manures.—Crop residues produced on the land, such as stalks, straw, 
and chaff, are returned to the soil, and in addition a green-manure crop of sweet 
clover is seeded in small grains to be plowed under in preparation for corn. (On 
plots where limestone is lacking the sweet clover seldom survives.) This practice 
is designated as the residues system, 


Mineral Manures.—The yearly acre-rates of application have been: for 
limestone, 1,000 pounds after the first rotation, for which 4 tons was applied ; 
for raw rock phosphate, 500 pounds; and for potassium, usually 200 pounds 
of kainit. When kainit was not available, owing to conditions brought on by 
the World war, potassium carbonate was used. The initial application of lime- 
stone has usually been 4 tons an acre. 


Explanation of Symbols Used 


= Untreated land or check plots 

= Manure (animal) 

= Residues (from crops, and includes legumes used as green manure) 

= Limestone 

= Phosphorus, in the form of rock phosphate unless otherwise designated 
(aP — acid phosphate, bP — bone meal, rP — rock phosphate, sP — slag 
phosphate) 

= Potassium (usually in the form of kainit) 

= Nitrogen (usually in the form contained in dried blood) 

= Legume used as green manure 

Cv = Cover crop 


( ) = Parentheses enclosing figures, signifying tons of hay as distinguished from 
bushels of seed 


| == Heavy vertical rule, indicating the beginning of complete treatment 
|| == Double vertical rule, indicating a radical change in the cropping system 


aia 


In discussions of this sort of data, financial profits or losses based upon 
assigned market values are frequently considered. However, in view of the 
erratic fluctuations in market values—especially in the past few years—it seems 
futile to attempt to set any prices for this purpose that are at all satisfactory. 
The yields are therefore presented with the thought that with these figures at 
hand the financial returns from a given practice can readily be computed upon 
the basis of any set of market values that the reader may choose to apply. 


THE ODIN FIELD 


The Odin soil experiment field, located in Marion county about, one mile 
southwest of Odin, is one of the oldest of the outlying University am 
fields. It was established in 1902. 
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The field consists of 20 acres of light-colored upland soil, mainly of the type 
Gray Silt Loam On Tight Clay, which is one of the prevailing prairie types of 
a large region in southern Illinois. A detailed examination reveals the presence 
of a small area in the north corner of the field of a type having a somewhat 
different subsoil from that of the main body of the field and designated as Gray 
Silt Loam On Plastic Reddish Brown Clay. There is also present near the west 
corner of the field a very small spot of Yellow-Gray Silt Loam, but this lies 
almost wholly on the border between plots, and therefore should not materially 
affect the experimental work. The location of these soil types, as well as the 
arrangement of plots, is charted on the diagram shown on the following page. 
The topography, or lay of the land, is indicated on this map by contour lines. 

The field at present is laid out into four separate systems of plots, each 
system with its own plan of experimentation. An account, including complete 
records, of each of these plot systems follows. 


Series 100, 200, 300, 400 


These series are divided into two sections differing from each other with 
respect to underdrainage. Plots numbering from 6 to 10 inclusive are provided 
with a system of tile, while the corresponding plots numbering 1 to 5 inclusive 
are not tiled. During the period from 1907 to 1919 the northeast half of each 
plot was subjected to subsoil plowing in preparing the land for corn. 

The rotation chiefly practiced on Series 100, 200, 300, and 400 has been 
corn, legumes (cowpeas or soybeans), wheat, and clover. Until 1922 the clover 
was alsike, soybeans being substituted if the clover failed. Since that time sweet 
clover has been used instead of alsike. A part of the time cowpeas were seeded 
in the corn, at the last cultivation. 

Crop residues and cover crops have been regularly plowed down on the 
residue plots. The return of the wheat straw was discontinued in 1922. 

In 1902 slaked lime, at the acre rate of 475 pounds, was applied to the limed 
plots, and in 1903 an additional 2 tons was applied to these plots. No more lime 
was added until 1908, after which it was applied regularly at the annual rate of 
500 pounds of limestone an acre to the northwest halves and 1,000 pounds an 
acre to the southeast halves of these plots. In 1922 these applications were 
temporarily discontinued until further need for lime appears. 

Phosphorus has been used in the form of steamed bone meal, which was 
applied at the rate of 200 pounds an acre a year until 1923, when the total amount 
of the bone meal was evened up on all the phosphorus plots to 4,800 pounds an 
acre and the application temporarily discontinued. Potassium was applied at 
the annual rate of 100 pounds an acre of potassium sulfate until 1923. At that 
time the total amount applied was evened up to 2,500 pounds and plans made 
to continue the application on the southwest halves of the plots at the normal rate. 

Table 7 is presented as a record of the crop yields on these series since the 
beginning of the experiments. Table 8 summarizes the yields, by crops, for the 
period during which the plots have been under their full fertilizer treatment. 
The lower section of this table gives a more condensed summary in terms of crop 
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TaBie 8.—ODIN FIELD: Senrtzs 100, 200, 300, 400 
Average Annual Yields 1903-1925—Bushels or (tons) per acre 


: Soy- Isike clo Sweet | Stubble : 
costane Soil treatment | Corn | beans | Wheat eer clover | clover eee ress 
No applied! - Hay | Seed Hay | Seed 
; 22 crops|19 crops|23 crops|2 crops| 1 crop| 3 crops | 2 crops |& crops| 1 crop 
Ee MUN copes oe eae 22.8 8.1 9.5 |( -11)) 42 | 0.00 | (0.00) | ( .58)| 1.7 
Di MARS ete toner ct ttse eco: 23.5 9.3 9.3. |( .14)| 1.25 .06 | (0.00) | ( .62)} 2.9 
SSeS ES ad a 27.1 LOPS RP elGrOnim OOM AOt fb kar | (6 70) C157) 2.5 
CEO GRADE oe ar 27.1 LOpsal 2-0 NCL LO) L.67)) 1.10) G..70) | ( 164) 2.3 
Ulin) al 2) Bo cel <r A3.7 | 18.38] 25.8 |(1.87)| 1.88.) 1.76 | ( .90)|(1.11)} 4.6 
ot 8 ee iL CAY 6.4 7.2 1( .19)| -.92-| 0.00] (0.00) |( .52)) 1.4 
TC MLO SOME sa sare « 22.0 ete One, | Geka) keoO .08 | (0.00) | ( .62)} 2.3 
8 inven a 27.5 10.8 17.6 | (1.07)| 3.08 99 | ( .41)|( .61)} 2.7 
9 (lle Cen 29.0 10.6 23.8 |(1.12)| 2.83 (BOGS) war 18 
10 iol 4 2 Cr 40.5 13.0 25.6 | (1.65)) 2.00 Mee Gece)! (nL. Lijie 359 
R over 0 2.9 1.3 PeGui(=OL)|). 71 07 | (0.00) | ( .07) pall 
RL over R...... 4.6 2.4 756°). <87)) 1.00} 1.28:| ¢ .56) |(—.03)). 0.0 
RLP over RL... 8 —.4 5.6 |( .08);—.13 | —.42 | ( .04) | ( oy —.6 
RLPK over RLP} 14.1 Qe 2.7 |( .65)|— .34 59 | ( .25) | ( .44)| 2.3 


1Plots 1 to 5 not tiled; Plots 6 to 10 tiled. 


increases, indicating the effects of the different fertilizing materials as they were 
used in these experiments. The figures given are derived from the results of 
the corresponding tiled and untiled plots averaged together. 

Organic manure is provided in these experiments by plowing under crop 
residues and legume crops used as green manure. The crop yields show little 
effect from residues alone. Residues with limestone, however, have produced, 
with a single exception, notable increases in yields. It is of interest to note 
that the one crop which does not show a beneficial effect from limestone is cow- 
peas, and the cowpea is generally known as a plant tolerant to soil acidity. 

Regarding the phosphorus treatment on these series it will be observed that 
wheat shows a marked benefit from bone meal, but the other crops have responded 


Fic. 3—WHEAT ON THE ODIN FIELD IN 1920 


At the left is a check plot, receiving no soil treatment, where the average yield of wheat 
for 23 crops has been 8.4 bushels an acre. At the right, thru the use of limestone and crop 
residues, this yield was doubled. By adding bonemeal to this treatment, another increase was 
produced, bringing the yield up to 23.2 bushels. 
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Fic. 4.—Corn YIELD DOUBLED BY SOIL TREATMENT ON THE ODIN FIELD IN 1923 


The pile of corn at the right was produced on a plot receiving no soil treatment. The 
pile at the left was produced on a plot receiving crop residues, limestone, bonemeal, and 
potassium sulfate. 


indifferently. With a single exception, the potassium treatment has been attended 
by some increase in yield, and in the case of the corn this increase is very 
pronounced. 

So far as the effect of tiling is concerned, the average results show no con- 
sistent differences of consequence between the plots of the tiled section and those 
of the untiled section. It is probably on account of the impervious nature of the 
subsoil that the presence of the tile has had little effect on the drainage. 

These results on the whole point to the necessity of using limestone with 
organic manures in improving this soil. The organic manure has been supplied 
in these experiments by crop residues and legumes, but on the farm, of course, 
all available stable manure should be utilized. 


Experiments in Subsoiling 


In order to learn whether something could be done to overcome the un- 
favorable subsoil condition in this kind of land, by subsoil plowing, an experiment 
was started in 1907 and continued for thirteen years. In this experiment one-half 
of each plot in both tiled and untiled sections was plowed and subsoiled, with a 
few exceptions, in the late fall. The effect on crop yields was measured only in the 
corn, this crop being harvested by half plots. The yields are given in Table 9, 
the figures representing the averages for corresponding tiled and untiled plots. 

The general averages for the entire thirteen-year period show only insig- 
nificant differences in yield between subsoiled plots and plots not subsoiled. 
Indeed these differences are so small that they may be regarded as being within 
the experimental error, and the only conclusion warranted is that the expensive 
practice of subsoiling has produced no significant effect upon the yield of corn 
in this investigation. 7 

For a-more detailed account of this experiment in subsoiling, the reader is 
referred to Bulletin 258 of this Station. 


1926] Marion County 51 


TaBLe 9.—ODIN FIELD: ExperiMents IN SUBSOILING 
Yields of Corn—Bushels per acre 


Soil treatment None R RL RLP RLPK 
Not Not Not Not ‘ Not 
Tillage treatment sub- oe _ | Sub- sub- Sub- sub- Sub- sub- Sub- 
soiled | 8% ed Soiled soiled nile! soiled sailed soiled Bes i soiled 
MOOT Se enn os ss 44.4 | 37.6 | 50.1 | 43.2 | 47.3 | 47.3 | 47.0 | 44.4 | 70.1 | 59.4 
SOUS Saree eet. ck Sao aoe. | o0-4 4 oo.) 34.9 139.9) |-45.9 | 76.1 |-60.3 
LIOR at ar 29,0 | 24-1 | 30.4 | 27.2 | 29.2 | 28.5 | 28.9 | 37.6 | 54.0 | 60.4 
DS = a meee | 2a oes. & | o0-b 40.3 \'or.5 | 08.4 139.9 | 79.9 | 85.7 
Cah OE eS oh Hoe |. nao. 1 19,9 } 24.7 |} 2227 | 22.8 | 19.9 | 35.7.) 40.4 
LDN. 26.1 | 31.7 | 39.6 | 24.0 | 48.6 | 47.5 | 49.4 | 53.1 | 65.4 | 48.5 
1S oe eee... 5s 25 3.2 a9 3.6 4.1 4.1 6.1 er LOL atl OZ 
bE LORE oe ee ee 4.3 4.0 238: 4.3 pope 2.4 2.0 25 Dok 5.0 
RL es se Bo.o 1 ols) 40.5 | 43.3 | 47.6 | 44.0.) 43.2 | 41.9 | 57.4 | 50.0 
Ge at Po -4e 1s Atos 4110.0 1) 19-5 }21.0. f:19.5 | 19.9.) 31.9 | 27.0 
1 UY ip ec ae gegen ea 9.3 ania Lote Phe 1S | S.8°] 13.8 |. 30:9} 3022 
JOG S oon 4.2 6.0 toe Sessile os pik bees alo) Fe) 19.8 | 19e? 
LAL Poe Ae a to 2 a | 4 2.8 3.0 1.9 2s 3.5 3.3 
AVETEGR ooo. Poel ae ot B08 to2t. ¢. |24.e f-25-0)), 26:3 |.41.3 | 38.4 


‘Replowed in spring. *Plowed and subsoiled in spring. 


Comparative Phosphate Tests 


The land included in the present Series 500, 600, 700, and 800 was originally 
plotted as one series of six long plots designated as Series 500 and used for the 
purpose of studying the relative value of various carriers of phosphorus. applied 
in amounts equivalent to equal money values on limed and unlimed land. 


A rotation of corn, oats, and three years of clover-timothy meadow was first 
established on this series. Cowpeas were seeded in the corn for use as residues. 
The phosphates were applied at the annual acre rate of 200 pounds of steamed 
bone meal, 333 pounds of acid phosphate, 666 pounds of rock phosphate, and 250 
pounds of slag phosphate, amounts representing equivalent money value at the 
time these experiments were planned. The first application of lime was at the 
aere rate of 114 tons to the southeast halves. Subsequent applications were at the 
annual acre rate of 1,000 pounds. Potassium at the annual acre rate of 100 
pounds of potassium sulfate was applied to all plots. These applications were dis- 
continued in 1913. 


The annual yields from these plots are given in detail in Table 10, and the 
results are summarized by crops in Table 11. The lower part of Table 11 
shows differences in crop yields presumed to have resulted from applying the 
various forms of phosphatic fertilizers for all the crops harvested from 1904 up 
to 1921, after which time the plot treatments were modified. Altho it is recog- 
nized that these data are too meagre for final conclusions, the following com- 
ments based upon these figures for crop increases may be made. 


It appears that the various phosphorus carriers—bone meal, acid phosphate, 
rock phosphate, and slag phosphate—rank differently in efficiency, according to 
the kind of crop produced. Considering first the results without limestone, we 
find the following order of efficiency: for corn—bone, acid, slag, rock; for oats— 
acid, either bone or rock, slag; and for hay—hbone, slag, either acid or rock, 
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TasB.Le 11.—ODIN FIELD: Comparative PHospHateE TEstTs 
Summary of Crop Yields 1904—1921—Bushels or (tons) per acre 


Plot : . Corn Oats Hay 
Nast Soil treatment applied 4 crops 3 crops 10 crops 
BULINW |ehisinone phosphate. ..........0...4s ees 23.6 43.4 (1.05) 
BOL DIG Woh OMe pPHOSphate: .....0.02.. 000s ees 26.0 40.3 (1.42) 
SUIS IGH ORIG 05: Si a ar 20.8 35.6 ( .62) 
GPSS) | UND oa SN ec 21.1 35.8 (1.28) 
HOS Witelubenacad phosphate.....56.0...8000. res. 22.5 43.8 ( .68) 
BOS pe) hel, acid phosphate... ......... 04000. 23.7 34.5 (1.33) 
PPLUN Vie PRE NTDEK DNOSPNALE. .. .40. 006 ce cece wee es 20.3 43.4 ( .68) 
504SE | RKL, rock phosphate................... 25.5 39.6 (1.36) 
oe 16.3 32.0 ( .52) 
BNIB) Ol USL oe) a 21.8 39.0 (1.24) 
HOON Walmittensran phosphate. ... 6.20606... 0 08ers 20.5 41.9 ( .78) 
506 SE | RKL, slag phosphate.................... 25.2 47.4 (1.34) 
MPMI ETUER IS 8,4. clohes sia spo ys sae MIO 5.1 9.6 ( .48) 
PUUUDEREVOR RIC. Glia ctenes see ete e s 4.5 2.9 ( .16) 
Head eEMILVETOEO IGT a..¢ cht shad cers «die. ds oiaebe o's « 4.0 10.0 @ i) 
EES EROVOT UE IGL; «. Seccssgere'es vi v'nd «aye pale's 2.2 —2.9 ( .07) 
E CUOUOPAR Gah w c:d spatrecrsigre snwisisters-avernis 1.8 9.6 Galt) 
PCT OR PULGL, vig ads.6-0 spn e clalsine & ae 4.0 2.2 Cr10) 
A Sa ee Sal ( .21) 
PSUSIUGI?? GiAGT00 88 Sd Di Ball 10.0 ( .08) 


Used with limestone, the relative efficiencies run as follows: for corn—bone, rock, 
slag, acid; for oats—slag, bone, rock, acid; and for hay—bone, rock, slag, acid. 
In general, the differences are small and a careful analysis of the data shows that 
most of them are to be considered insignificant, that is to say, well within the 
experimental error. 


These results illustrate well the difficulty of laying down definite rules for 
practice in applying phosphorus fertilizer. To this point in the discussion there 
has been taken into account only the effect on production. When the economy 
from a financial standpoint is considered, the matter becomes more complicated, 
for all depends upon relative cost of materials applied as well as upon the market 
value of produce sold, both of which are constantly fluctuating. However, with 
the data of Table 11, one may compute for himself the relative economy of pro- 
ducing these crop increases by applying any set of prices for crops and fertilizers 
which appears to be most applicable according to prevailing market conditions. 
In so doing, however, it should constantly be borne in mind that the order of 
efficiency might easily be shifted thru a relatively small change in commodity 
prices. 

In 1922 this series was replotted into the present 500, 600, 700, and 800 
series, and a different system of rotation established for further investigation 
of the various forms of phosphorus fertilizer. Limestone at the rate of one ton 
an acre was applied for the first time to the originally unlimed areas, and further 
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TaBLeE 12.—ODIN FIELD: Comparative PHospHate Tests, REVISED 
Annual Crop Yields 1922—1925—Bushels per acre 


Plot . ‘ 1922 1923 1924 1925 
No, | ° Solltrestorent-eppled Corn? Wheat? Corn Wheat 
501 ay bone phosphate. ...... 36.6 17.5 24.0 15.2 
DOD ULELIK », Se ee there oer 24.6 6.0 27.4 SoC: 
503 LeLK, acid phosphate....... 32.8 14.5 21.6 12.3 
504 LeLK, rock phosphate....... 32.6 13.3 29.2 14.5 
Die 1 Fil se LSS 5 Geen cee ae ee ge 21.2 6.2 23.6 7.3 
506 | LeLK, slag phosphate. ...... 30.2 16.0 42.4 14.5 

Oats? Corn Wheat Corn 
601 LeLK, bene phosphate....... 1.9 10.8 22.5 24.0 
602 1 Oo) Fi Ee Ned ee Ae = A a 1.6 7.2 1.0 25.8 
. 603 LeLK, acid phosphate....... 1.9 9.8 18.8 30.4 
604 Sue rock phosphate. ...... 9 8.8 10.8 18.0 
BOD NT LCL K Sewn Me camer ot arte et 1.9 10.2 Be 15.6 
606 rk slag phosphate........ 5.0 17.2 1s3 11.6 

Corn? Wheat? Corn Wheat 
701 Hotei bone phosphate. ...... 20.4 24.7 24.4 24.2 
MDZ) Li CLAS Stee Weta ae an Greene ees 20.0 24.2 28.0 25.5 
703 LeLK, acid phosphate..:.... 19.8 19.8 33.8 20.8 
704 LeLK, rock phosphate....... 19.6 18.0 40.8 22.0 
OD Us| RL Lars re ee se ce eee re 23.0 18.7 45.8 17.3 
706 LeLK, slag phosphate..-.... 25.2 21.2 26.4 23.0 

Oats? Corn Wheat Corn 
801 | LeLK, bone phosphate....... 6.6 35.6 17.2 39.8 
SUZ By Celik... 52 ee meer, yen ete ee 6.9 aan2 18.8 42.8 
803 | LeLK, acid phosphate....... 7.8 35.0 17.2 41.0 
804 | LeLK, rock phosphate....... 7.5 28.8 18.3 42.2 
805 Lei. oii eve ne ee 10.6 29.2 15.8 44.2 
806 | LeLK, slag phosphate....... 7.5 29.0 21.7 44.0 


*Series 500 and 600 have received 1 ton of limestone per acre; Series 700 and 800 have 
received 8 tons per acre. 
* No legume treatment. 


application is to be deferred until a need for it appears. No limestone was 
applied to Series 700 and 800, which had been limed originally. No phosphates 
have been applied since 1919 and no further applications will be made for an 
indefinite period. For the time being, a crop rotation of corn and wheat with 
sweet clover seeding will be practiced on Series 500 and 600 and repeated on 
Series 700 and 800. The results for the four years during which this work has 
been running are given as a matter of record in Table 12, but because of the small 
number of crops that can be included, no attempt is made at this time to sum- 
marize these results or to discuss them. 


Experiments with Sweet Clover in Rotations 


In addition to the above described series, seven plots on the Odin field have 
been devoted to two special rotations featuring sweet clover. On three plots a 
rotation of corn, cowpeas or soybeans, and wheat has been practiced. Sweet 
clover has been seeded in both the corn and the wheat and plowed down as a 
green manure for the succeeding crop. On the other four plots the rotation has 
been corn, cowpeas or soybeans, wheat, and sweet clover. In this system the sweet 
clover has been allowed to make its second year’s growth and produce a seed 
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TasiE 13.—ODIN FIELD: Sweet-Ciover Rotations 
Annual Crop Yields 1906-1925—Bushels or (tons) per acre 


Three-year rotation Four-year rotation 
Year 

Soy- Soy- Sweet 
Corn heer Wheat | Corn reall Wheat Bh Se 

APIO IE makers lei sieleiels 0.0 a: 38.3 (1.90)!| 28.3 24.0 (1.60)! | 32.7 (4) 

LUG itr 64 Coe 46.8 (1.27)! |. 24.0 51.5 (1.39)'| 30.0 (4) 

eRe oc Oe 48.0 9.6 30.7 58.3 8.8 2h7 (4) 

UC Rats or 24.4 st 23.3 39.2 125 PAs ss (4) 
LONER Ayo 32.7 3.9 39.48 41.3 5.0 70.3? 6.90 
Meer retatetae ass! .,'s oo 5 aes 25.3 8.0 12.8 59.5 (eal | 17.2 3.60 

BE eh 3 54.4 iia %) 68.4 18.6 (?) (4) 

OHS oe oe 7.3 (?) 22.7 10.3 3.9 40.8 a) 

URE reer sis. ve boise es Too 2.2 12.8 2.0 4.4 23.3 (°) 
RU eM MOR Ye ieisic c% . 4. 42.0 Ley, 27.8 59.7 ley 24.7 .83 
LOU ee a 18.4 Aa 2.2 19.8 8.0 2.2 2.78 
1S ee odie liao 14.0 5.0 10.0 19.7 Ah Noob | 39.2 1.25 

(AOTC ng > Se ee 5.5 3.3 24.4 2.6 .8 23.0 (2) 

(KOO Sele i Se ai (5) 32.8 Wee (5) 26.7 () 
LAI Be 2 cmie ts eee 54.7 | 19.4 (*) 66.7 | 21.1 (7) 1.94 
JE UE 2 oe do oe ee 20.7 8.3 26.1 24.0 1 Hee 28.1 G20 
MNS ERIM aris, se slabs we oe 19.7 vier a?) 22.3 6.4 35.3 3.42 
LCE ESS: ito lo Se 49.3 12.5 16.1 41.7 23.9 12.2 36 
UVa | a 47.3 ( .83) 5 fi be | 61.7 13.9 gh ei .83 
US a ane 34.6 (1.25) 3.3 29.7 (2.67) 22.2 2.67 


1Cowpeas. *Not harvested. %Oats; wheat destroyed by grasshoppers. ‘No record of yields; 
sweet clover plowed under. ‘Crop destroyed by grasshoppers. ‘Crop destroyed by fire. 


crop, the straw and chaff being returned to the land. Limestone and bone meal 
have been used in both these rotations, and the crop residues have been returned 
to the land. 


The annual crop yields of the two systems are recorded in Table 13, and a 
general summary of each is presented for comparison in Table 14. 

The markerly higher production in all crops in the four-year rotation indi- 
cates the advantage of this system, in which one field out of four is devoted to 
the production of sweet clover, over the three-year system in which only catch 
crops of sweet clover are grown. 


TasBiLe 14.—ODIN FIELD: User or Sweet Cioveir IN Rotations 
Average Annual Crop Yields 1906-1925—Bushels per acre 


: Corn Soybeans! Wheat Clover seed 
Rotation 20 crops 16 crops 19 crops 11 crops 
SUM IEAVED oe Re Se Blog Gol ME cl be lta Bec t gs She 
UTTER GLE 5 309 Oe ae 35.3 10.9 Pid Pe 2.79 
1Or cowpeas. 


THE TOLEDO FIELD 


The Toledo experiment field is located on Gray Silt Loam On Tight Clay 
immediately south of Toledo in Cumberland county. It was established in 1913. 
This field of 17 acres is laid out into two separate systems of plots, one including 
four series of 10 plots each, and the other containing four series of 4 plots each. 
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TaBLE 15.—TOLEDO. FIELD: Summary or Crop YIELDS 
Average Annual Yields 1914-1925—Bushels or (tons) per acre 


Serial . Wheat | Corn | Oats | Clover! || Sweet | Soy- 
plot Soil treatment clover | beans 
No. 8 crops | 12 crops| 11 crops| 4 crops | 3 crops | 3 crops 
1 OS ic ek aeeeeee ras ¢ 8.5 22.2 16.5 ( .06) 11 .70) 
2 Mir ae So ee RR ee 10.2 28.6 19.0 ( .18) .24 C272) 
3 IMIS. <tc ae eee 21.8 39.1 31.4 ( .89) 2.45 (1.27) 
4 IMILEP. 5 pte ete eine oe 24.4 39.1 33.6 ( .97) 2.42 (1:21) 
5 Ose. Been viare/ Pee oat 8.1 18.3 15.6 ( .05) 26 3.8 
6 Feat ene en oe 9.5 19.8 uy yf ( .24) .53 4.7 
uf Ra on techn eee 21.0 29:6 32.6 (1.19) 1.84 9.4 
8 RLGEs 2s ae eects: 24.3 30.8 35.2 (1.16) Leia LO5 
Dil RITES, 4h Soh ee 26.8 | 41.0 | 38.4 | (1.14) | 2.48 | 11.8 
10 OR See rat Serre et eee 5.3 Lose 16.9 C10 .23 ( .538) 


1Some seed evaluated as hay. 


Series 100, 200, 300, 400 


The system of plots made up of Series 100, 200, 300, and 400 is under a crop. 
rotation of wheat, corn, oats, and clover. Cowpeas were seeded in the corn at 
the last cultivation until 1921, when this practice was abandoned. In 1922 sweet 
clover was introduced as the regular clover crop. At that time, after the plots 
had received a total of 614 to 8 tons of limestone an acre on the different series, 
application of this material was suspended until further need for it becomes 
apparent. In 1923 the return of the wheat straw on the residues plots was dis- 
continued. 

Table 15 presents a summary of the crop yields including the years in which 
the complete plot treatments have been in effect. The results confirm those of 
other fields located on similar soil and, briefly stated, they show: © 


1. Low yields on untreated land. 

2. Only a slight response to organic manures without limestone. 

3. A very decided response to the use of limestone in connection with or- 
ganic manures. : 

4. A limited response to rock phosphate applied with organic manures and 
limestone but not sufficient to cover the cost of material. 

5. A rather general response to potassium fertilizer becoming very marked 
in the case of the corn. 


AS Series 500, 600, 700, 800 


The second set of plots on the Toledo field, comprizing Series 500, 600, 700, 
and 800, has been devoted mainly to an investigation in soil tillage, the purpose 
being to compare the effects of subsoiling, deep tilling, and dynamiting with that 
of ordinary plowing. A crop rotation of corn, soybeans, wheat, and sweet clover 
was adopted, second-year sweet-clover stubble being plowed late in the fall for 
corn. An application of 4 tons of limestone an acre was made on all plots in 1913 ; 
3 tons were applied for the 1917 crop, and 2 tons for the 1921 crop. One ton of 
rock phosphate was applied in the fall of 1914, and again in the fall of 1918. 
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TaBLeE 16.—TOLEDO FIELD: Tit.acEe Experiments 
Average Annual Yields 1913-1922—Bushels per acre 


Cc Sweet-clover 
Tillkee treatment orn Soybeans Wheat Sha 
9 crops 7 crops 6 crops 6 crops 
Plowed 7 inches deep................. 40.2 16.3 13.5 3.68 
Subsoiled 14-inches deep.............. 41.9 16.2 12.9 3.65 
Deep-tilled 14 inches................. 37.4 15.2 10.8 3.18 
TO VANAIGOU MEE 6. os. ee aes 40.3 16.4 3 hag 4.25 


A summary of the crop yields is given in Table 16. For a detailed account 
of these experiments the reader is referred to Bulletin 258 of this Station, ‘‘Ex- 
periments with Subsoiling, Deep Tilling, and Dynamiting.’’ 

The conclusions reached from the results of these experiments is that none 
of the special tillage treatments had any beneficial effect on crop yields. Deep 
tilling apparently decreased yields, probably because of the mixing of sub- 
surface and subsoil with the surface soil. 


THE NEWTON FIELD 


A 30-acre experiment field has been maintained by the University at Newton 
in Jasper county since 1912. The soil type has been mapped as Gray Silt Loam 
On Tight Clay but the field is not altogether uniform, as is shown by variations 
in the crop yields. The land is almost level. Drainage has been provided by 
a system of tile. Owing to the impervious nature of the subsoil, however, the 
tile did not materially improve the drainage until the scheme was devised of using 
the tiles as sewers to carry away the surplus water conducted to them thru a 
system of ditches and catch basins. 

The field is laid off into 12 series of plots and these series make up four 
separate combinations or plot systems, only two of which will be considered here. 


Tass 17.—NEWTON FIELD: Series 100, 200, 300, Summary or Crop YIELDS 
Average Annual Yields 1913-1925—Bushels or (tons) per acre 


Serial : Wheat Corn Soybeans! 

plot Soil treatment 

No. 10 crops 13 crops 12 crops 
1 PE ere oo saree occas be sie sce ane as .5 10.7 5.6 
Dl) SE oo ce, Ste Og er 8 15.6 7.8 
3 MDs ono 0 0 6 BOD Oe eee 8.8 24.7 Lert 
4 CUTE 5 5.6.6 cope POD Cae 14.5 25.9 12.7 
5 Che cad ga eet ORO IC eee 1.4 ties 5.4 
6 J, cog 6 0-0 no Oe eee 1.0 iWle@ 4.7 
a TED. cow dhe Gnele HED Onn re eee GE 18.0 8.1 
8 INLARE soa o eo Deki Bellanca ene 13.6 18.6 9.2 
9 TELL RIRC. o SS WAe o OC ee nn eeeeea e 16.7 23.1 10.0 

10 2 7.3 5.2 


1Some hay evaluated as seed. 
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Series 100, 200, 300 


A rotation of corn, soybeans, and wheat has been practiced on Series 100, 
200, and 300. Cowpeas have been seeded in the corn and sweet clover in the 
wheat as catch crops to help supply the organic matter and nitrogen on the resi- 
dues plots. In 1920 the use of the cowpea catch crop was discontinued, as was 
also the return of wheat straw in 1922. 

The limestone used on these series has been of the dolomitie form ground 
sufficiently fine to pass a 10-mesh sieve. The usual large initial amount of lime- 
stone was not applied here. Up to 1922 the different series had received 5 to 6 
tons an acre, when the regular applications were suspended until further need 
for lime becomes. apparent. 

Table 17 gives a summary of the crop yields obtained, including the years 
that the respective, complete soil treatments have been in effect. 

The results of these experiments are characteristic of those of other fields 
located on this soil type. They demonstrate once more the absolute necessity of 
liming as the foundation for soil improvement. Without lime, legumes fail ¢om- 
pletely and the use of manure alone is practically ineffective. Phosphorus in 
combination with lime and organic manure has, as usual, materially benefited the 
wheat but, in the manner used, the rock phosphate has not paid for itself. Some 
increase in yield of both wheat and corn has followed the use of potassium 
fertilizer, but the money value of this increase is not sufficient to cover the cost. 

A profitable system of farming on this field must lie in other plans of crop- 
ping than that employed in these experiments, for even under the best treatment 
the plane of production is too low to represent a successful farming enterprise. 


Special Limestone Experiments 


After demonstrating the great value of limestone for soil improvement, espe- 
cially in southern Illinois, a number of very practical questions immediately arose 
concerning details of its application as, for example: What is the most favorable 
amount to apply from various standpoints of economy? What degree of fineness 
of material is most suitable? Is magnesian or dolomitic limestone as effective as 
high-calecium stone? Is there any advantage in the use of burnt material over 
that of the raw crushed stone? To answer these questions a series of tests was 
started on Series 500 to 1000. The comparisons were arranged in the following 
manner. 

The odd-numbered series (500, 700, 900) have received applications of high- 
calcium material, either crushed stone or burned, and the even-numbered series 
(600, 800, 1000) have received corresponding amounts of dolomitic material. On 
all series, Plots 2 to 6 have received limestone at the rate of 500 pounds an acre 
a year; Plots 8 to12 have received 1,000 pounds; and Plots 13 to 18 have received 
2,000 pounds. All applications were based upon the equivalent of pure caleium 
carbonate. ; 

In addition to the lime on these plots, all have received rock phosphate and 
kainit in amounts and manner previously described. A crop rotation of corn, 
soybeans, and wheat was practiced until 1920, when it was changed to corn, wheat, 
and sweet clover. Since that time the wheat straw and sweet-clover chaff have 
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Tasis 18—NEWTON FIELD: Spsciau Limestone Test 
Summary of Crop Yields 1913-1925—Bushels per acre 


. Wheat Corn Soybeans Sweet clover 
Serial Fineness of 18 crops 13 crops 5 crops 6 crops 
plot (aeaen : 
No. : High Dolo- High Dolo- High Dolo- High Dolo- 


per inch) calcium | mitic | calcium} mitic | calctum| mitic | calcium] mitic 
De) weap) 76 | 69.0 | 11.3 | 108°] 3.4 | 3.8 | 0.00 | 0.00 
Applications of 500 pounds per acre per year to total of 3 tons per acre 
2 4down....| 15.0 12.7 17.9 18.2 5.3 5.5 2.21 Wedd 
3 4tol0..... 12.6 13.8 16.3 22.7 5.1 5.6 2.30 2.09 
4 10 down....| 13.8 13.2 had 15.6 Hyeall 5.3 1.98 2.27 
5 50 down...| 13.6 12.0 15.9 13.0 4.5 4.6 2.13 1.91 
6 Burnt lime!| 13.9 12.9 12.6 13.7 5.0 5.1 2.36 2.09 
7 No lime... . 8.2 8.4 8.9 11.2 3.3 3.6 0.00 .10 
Applications of 1,000 pounds per acre per year to total of 6 tons per acre 
8 4down....| 13.0 12.2 14.4 16.1 5.2 5.2 2.37 2.29 
9 ATO VOLE te... 11.9 i Bi | 14.1 15.1 5.0 4.9 2.42 2.23 
10 iO0idown.,.|. 13.1 12.2 13.8 13.1 5.1 5.3 2.12 1.88 
11 50 down...} 13.9 12.5 14.4 12.2 4.8 4.9 2.45 2.07 
12 | Burnt lime'| 13.7 | 13.4 | 14.1 | 12.2 5.3 aoa 9.87 >|) 2340 
13. | Nolime....| 7.9 7.4 9.8 10.0 Siar 3.4 387 | 
Applications of 2,000 pounds per acre per year to total of 12 tons per acre 
14 4 down 14.4 14.2 17.9 15.3 6.1 5.7 3.37 2.55 
15 4to10..... 12.8 13.9 17.6 18.2 5.4 5.1 3.29 2.10 
16 | 10 down 16.2 15.6 17.5 18.0 5.4 5.9 3.31 22h 
17 | 50down...| 17.6 17.4 17.0 16.8 6.7 6.1 3.00 2.51 
18 | Burnt lime'} 17.8 18.2 18.9 19.8 6.4 6.6 3.19 2.99 
19 | Nolime....j_ 8-3 | 8.8 | 12.9 | 141 | 3.0 3.4 20 16 


1Purchased as burnt lime, but applied after hydrating or slaking. 


been returned to the land; the cornstalks have been removed. In 1922 limestone 
was evened up to a uniform total amount of 3 tons an acre on the plots receiving 
light applications, to 6 tons an acre on plots receiving medium applications, and 
to 12 tons on plots receiving heavy applications. No more lime will be applied 
until an apparent need for it develops. 


A summary of the crop yields including the years since the complete plot 
treatments have been under way is shown in Table 18. In order to study the rela- 
tive economy of the various amounts and kinds of lime applied, the value of the 
respective crop yields have been calculated and these are shown in Table 19, along 
with the value of the corresponding increases due to treatment. Using these fig- 
ures as a basis, the value of a ton of limestone has also been calculated, and finally 
the returns per dollar invested in the different forms and amounts of lime are 
ineluded in this table. 


In considering the results it is to be noted that the subsoil on this field is 
not altogether uniform with respect to acidity. Spots have been found in which 
carbonates exist. Therefore definite conclusions are probably warranted only on 
the more outstanding differences. Without going into a fine analysis of the data, 
the following facts appear from scanning the figures of these tables: 
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Amount of Lime—Considered from the standpoint of total production, the 
heavy applications produced the greatest yield, altho the light applications pro- 
duced somewhat higher yields than the medium. If, however, the profitableness 
of the practice be considered from the standpoint of value per ton of material 
applied, the law of diminishing returns becomes operative, making the value 
per ton two or three times as much in the light application as that in the heavy 
application. The effect is magnified in the returns per dollar invested. The 
figures show about $12 to $17 return for the light applications as compared with 
about $4 return per dollar invested in the heavy applications. Presumably the 
residual effect will be greater with the heavy application which, in the course of 
time, will compensate to some extent for the smaller profit thus far obtained. 

Fineness of Material_—Aside from a possible slight tendeney in the heavy 
application toward higher production from finer grinding, there seem to be no 
very well-defined differences with respect to fineness of grinding. The practical 
conclusion therefore is that there is little or no advantage to be gained in 
reducing the stone completely to a powder. 

High-Calcium Compared with Dolomitic Material—tThe figures showing 
value of annual increase indicate a certain tendency in favor of the high-caleium 
over the dolomitic material. Some of the differences, however, are rather small 
and there are among the fifteen possible comparisons three exceptions. Altho 


TaBLE 19.—NEWTON FIELD: Sprcrat Limestone Tsst, FrnanciaLt ComMrarisons! 


Fineness of | 4Verage annual | Value of annual Value of one Returns per 
pera grinding |#¢re value of crops] increase for lime | ton of limestone? | dollar invested 
plot jas SSS = 
No. Teeth) High | Dolo- | High | Dolo- | High | Dolo- | High | Dolo- 
Make ise calcium | mitic | calctum| mitic, | calcium} mitice | calcium} mitic 
1 No lime....| $7.86 | $8.64 
Applications of limestone: 500 pounds per acre per year to a total of 3 tons 
2 | 4down....| $16.91 | $15.02 | $9.13 | $6.51 | $39.52 | $28.18 | $19.76 | $14.09 
Sel 4 tolls, aa. 15-29 |) 17-20 (bean 8.69 | 32.51] 387.62] 16.26] 18.81 
4 | 10down...| 15.97 | 15.24 8.19 6.73 | 35.45 | 2913s) eivefou4s: 67 
5 | 50down...| 15.43 | 13.30 7.65 4.79 | 33.12) 20.74] 16.56] 10.37 
6 | Burnt lime.| 15.11} 14.37 7.33 5.86 | 31.73 | 25,37 4.00 3.24 
7 | Nolime....| $7.70 | $8.38 Garis cats ae a wane any 
Applications of limestone: 1,000 pounds per acre per year to a total of 6 tons 
8 | 4down....| $15.25 | $14.92 | $6.72 | $6.97 | $14.55 | $15.09 | $7.68] $7.55 
9 | 4tol0..... 14.56.| 13.92 6.03 5.97 | 18.05] 12.90 6.53 6.45 
10 | 10down...| 14.77] 18.56) 6.24 5.6L | 13-51) | eel 6.76 6.07 
11 | 50down...| 15.61] 13-64 7.08 5.69 | 15.32)" I2%382 7.66 6.61 
12 | Burnt lime.| 16.02] 14.44 7.49 6.49 | 16.21} 14.05 2.07 1.79 
13 | Nolime....| $9.36 | $7.51 os: Phhes aie Pri: 
Applications of limestone: 2,000 pounds per acre per year to a total of 12 tons 
14 | 4down....| $18.27 | $16.17 | $9.27] $7.71 | $10.04] $8.35 | $5.02] $4.18 
15p |\A to-10: ..3% 17 oni 16.07 8.15 7.61 8.83 8.24 4.42 4.12 
16 | 10down...| 18.81 |] 17.32 9.81 8.86 | 10.63 9.60 5.32 4.80 
iv \50down. ..| 19.23)) 18.21 | 10.23 9.75 | 11.08 | 10.56 5.54 5.28 
18 | Burntlime.| 19.54] 20.16] 10.54} 11.70] 11.42] 12.68 1.4 1.48 
19 | Nolime....| $8.63 | $9.40 


sweet clover, $7.50; crushed limestone, $2 a ton; burnt lime, $14 a ton. - 
Or its equivalent in burnt lime. 
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this trend is of interest, the experiments are not sufficiently extended to warrant 
without further evidence a discrimination between the two kinds of stone. In 
the purchase of limestone there is another consideration to bear in mind, and 
that is the possible need of the soil for magnesium, which element is furnished 
in dolomitie stone. For further discussion of this phase of the problem, see 
Appendix, page 32. 

Burnt Lime Compared with Ground Limestone—It may be explained that 
the term ‘‘burnt limestone’’ is used here to comply with the previous records. 
As a matter of fact, the material was purchased as burnt lime but it was hy- 
drated or slaked before being applied to the soil. 

In the light application the burnt material appears to be slightly less effective 
than the average of the crushed grades, both in the high-calcium and in the 
dolomitie products. In the medium and heavy applications, however, the reverse 


WITH LIMESTONE 


Fie. 5—WitTHout LIMESTONE SWEET CLOVER REFUSES TO GROW 


At the right where no clover is seen, no limestone has been applied. 


is true, altho in no case is the difference great. In the value of a ton of limestone 
the figures follow the same order. 

The most striking comparison is found in the returns per dollar invested, 
owing of course to the high cost of the burnt material. In these estimates the local 
dealers’ present market price of $14 a ton in carload lots is allowed with no 
consideration of the extra trouble in preparing it for application by slaking. In 
the light application the returns on a dollar invested for, high-caleium burnt 
lime is $4, while for the corresponding crushed stone it is $17.58. In the heavy 
applications the corresponding figures are $1.42 and $5.08 respectively. The 
figures for the dolomitic material are in about the same order. 

From these results it appears that the answer to the question whether to 
use burnt lime or ground limestone will depend, not upon the relative effectiveness 
of the two in the soil, but rather upon the economy of their application. Only 
under exceptional circumstance would burnt lime compete with ground limestone. 
Such a situation might be one in which crushed limestone is not readily accessible 
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and burnt lime could be produced very cheaply; or for gardening, where only 
small quantities are required, burnt lime may be procured wherever building sup- 
plies are sold. 


THE DUBOIS FIELD 


Another experiment field on Gray Silt Loam On Tight Clay is located at 
DuBois in Washington county. This land lies practically level and appears to 
be uniform in soil type. The experiments were started in 1902. The field was 
laid off into a single series of plots having two sections, one tiled and the other 
untiled. 

The rotation practiced the first eight years was corn, oats, and wheat followed 
by a legume. After two of these rotations the order was changed to corn, oats, 
clover, wheat, with a seeding of sweet clover and alsike on the residues plots for 
use as a green manure. Since there appeared to be little difference between the 
tiled and untiled sections, another change in cropping was made in 1922 by which 
corn is grown on one section and wheat with a seeding of sweet clover on the 
other. 

Five tons of hydrated lime an acre was applied in 1902, and no further 
application of lime was made until 1922, when 2 tons of limestone an. acre was 
applied on the east section and 1,000 pounds an acre on the west section. 

Until 1905 nitrogen was applied annually in approximately 650 pounds of 
dried blood an acre on what are now the residues plots; thereafter crop residues 
were substituted. Phosphorus was supplied in form of steamed bone meal ap- 
plied at the rate of 200 pounds an acre a year, and potassium in 100 pounds of 
potassium sulfate an acre a year. In 1922 the applications of both phosphorus 
and potassium were discontinued temporarily. 

A general summary of the annual crop yields is assembled in Table 20, and 
for convenience in studying the effect of the treatments the various possible com- 
parisons are brought together in Table 21, where the results of the corresponding 
plots of the two sections are averaged and expressed in terms of crop increases. 
Some points of interests brought out by these comparisons are the following: 

Altho lime, as used in these experiments, has produced some increase in all 
crops, when applied alone it does not raise the plane of production sufficiently to 
give a profitable system of farming. In the presence of other fertilizing materials, 
however, its effectiveness is greatly enhanced. 

The response to residues in the various combinations is rather complex. In 
some cases the increases to be ascribed to residues are marked. In the treat- 
ment with lime, phosphorus, and potassium, the effect of residues on the grain 
crops is quite indifferent, while on the hay crop it is very pronounced. In con- 
sidering these residues results it should be noted that they include the data of 
the earlier years, when dried blood was used instead of residues to furnish 
nitrogen. . 

Phosphorus has given increases in all sSuipatiiee in all crops, but the 
most significant effect produced has been on the wheat. Potassiwm has produced 


a remarkable effect on the corn; in some eases the yields have been ‘practically 
doubled following the potassium treatment. 
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TasiE 20.—DUBOIS FIELD: Summary or Crop YIELps 
Average Annual Yields 1902—1923—Bushels or (tons) per acre 


Plot | Soil treatment Wheat Corn Oats Clover Soybeans 

No.! applied? Hay Seed 
6 crops 6 crops 5 crops 4 crops 2 crops 1 crop 
DRAGS eo) = ee 5.4 10.8 14.0 (Ck oilekieaee 3.5 
2 oe Psa ee Wa Ieee et co's 9.7 13.0 23.0 CODER acura Wal 
ATG OR Dot So a 13.6 17.6 30.8 ( .89)8 80 7.2 
ae) 1G paeeeeeee..'. . 20.7 sleet 35.2 EOL SY ASAE. 8.5 
on | ne 16.7 25.9 30.8 (Cela epee 9.3 
ea fa! 28 0 2s 26.5 17.5 33.8 CUES 1.88 8.2 
Vit al UL GS SSeS a 19.7 25.2 32.9 (1.74)8 2.38 7.8 
2M el Us 28.0 29.1 37.6 CEG Ta ec artacs. 9.5 
te hie dg 1 GI ea 27.0 28.8 34.8 (2.22)8 2.09 7.8 
UU a lal i 2 Se es ee 18.9 22.1 26.5 (2.00)8 2.09 6.3 
DSS CO lseeeereetese is. 0 6.3 1.7 14.3 rot er el ste: «3 3.3 
I fest at bri 3 A eee 13.6 13.8 22.5 RTO Notes os 6.2 
CY ell bs hei, he ere 16.2 16.4 28.0 (1.33)8 1.33 6.7 
ENABLE, coca ae 22.2 13.3 32.4 CURA Ep etd {fo 
De lu oper eee cae 16.1 25.2 33.8 (ORPE onl eae eee 7.8 
16 | LRP. 27.0 18.3 38.1 (2.11)8 2.42 8.8 
iia PUTER Pens cians. 23.3 29.7 32.4 (2.19)8 2.04 10.2 
TSI ee ai... 30.0 32.4 34.8 (ARSE) Aa) ioe 2.6 10.3 
eee di G50 2 Oe 28.0 30.8 33.1 (2.67)8 2.08 11.3 
DAUM EG 2) Glo See ae 18.8 21.8 30.2 (2.41)8 2.25 6.7 


1Plots 1 to 10 not tiled. Plots 11 to 20 tiled. 
2Until 1905 dried blood was applied instead of residues. 
3Only two crops of hay on Plots 3, 5, 7, 9, 10, 18, 16, 17, 19, and 20. 


TaBLeE 21.—DUBOIS FIELD: Errect or TREATMENTS IN TERMS OF ANNUAL Crop INCREASES 
Bushels or (tons) per acre 


Comparison of Wheat Corn Oats Clover hay! | Soybeans 
treatments 6 crops 6 crops 5 crops 2 or 4 crops 1 crop 

Lime 

TO Very Ome pees mos 5.8 Dee 8.6 (.18) Srl! 

LRPK over RPK.... Sai 7.9 5.6 (.24) aoe 
Residues 

Rovere... ck. 3.3 3.6 6.7 (.42) 0) 

BRPVover cP. «355. 5.98 2d PVs (.55) atl 

LRK over LK....... 5.1 1.9 4 (.91) mH) 

LRPK over LPK.... —1.5 —1.0 —2.3 (.67) —.4 
Phosphorus: 

TPIOVen Winer ot Gc. 9.8 1.8 ial (.40) 1.4 

LRP over LR....... 11.9 9 6.6 €53) a6 

LPK over LK....... 12.6 5.2 3.9 (72) 1.4 

LRPK over LRK.... 6.0 2.4 1S (.48) 6 
Potassium 

1 CON 1k an ee 4.8 12.2 9.6 (.37) QL 

LRitoverbReaas. .: 6.6 10.5 3.3 (.86) 2.1 

BPKoversGPs. 2: 7.6 1568 Pye (.69) Qe 

LRPK over LRP.. 8 11.9 —2.0 (.81) 1.1 


1Omitting any eS forkiion of clover seed produced on certain plots. 
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These results in general confirm those of the other fields located on the same 
soil type, in that wheat responds in a notable way to phosphorus treatment while 
corn receives its greatest benefit from potassium treatment. A rational system 
of general farming designed to bring this land into the highest production of 
which it is capable ealls for the application of both these elements of plant food 
to be used in conjunction with limestone and organie manures. 

The marked benefit to wheat and the indifferent response of all other crops 
following the use of bone meal suggest that in practice perhaps phosphorus could 
be supplied more economically by using somewhat sr aller quantities of phos- 
phatic fertilizer and applying it directly to the wheat crop. Likewise, it seems 
probable, judging from the relative crop responses to potassium treatment, that 
the expense of potassium fertilizer might be reduced by cutting down the quantity 
used in these tests, applying the material direct to the corn erop. The organic 
manures are well furnished by crop residues and legumes plowed down but, under 
some circumstances, at least a part of the legumes and crop residues will be 
utilized advantageously by pasturing or feeding them to livestock, the manure 
produced therefrom to be carefully conserved and regularly returned to the land. 


THE EWING FIELD 


As representing the soil type Gray Silt Loam On Orange-Mottled Tight Clay, 
experimental results from a portion of the Ewing field are presented. 

The Ewing field is located in Franklin county about a mile northeast of 
Ewing. It was established in 1910. Altho four distinguishable soil types have 
been identified on this field, the 100 and 200 series of plots lie wholly on Gray 
Silt Loam On Orange-Mottled Tight Clay. This land is nearly level, the drainage 
is very poor, and the soil is strongly acid. These two series, together with 
Series 300 and 400, constitute a plot system farmed under a crop rotation of 
wheat, corn, oats, and clover, but because Series 300 and 400 lie mainly on another 
soil type, results from these plots will not enter into the present consideration. 


MANURE, LIMESTONE, ROCK PHOSPHATE ” ae WO TREATMENT 


Fic. 6—CorN GROWING ON NEIGHBORING PLOTS ON THE EWING FIELD In 1924 


At the right is a check plot which has produced, as an average of eight years, only 15 
bushels of corn an acre; while at the left the plot treated with manure, limestone, and rock 
phosphate has produced 49 bushels an acre as an average for this same period. 
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The handling of the crops and the soil treatments have been in the main 
according to the somewhat standard plan described above. Until 1920 cowpeas 
were seeded in the corn as a catch crop on the residues plot. In 1921 sweet clover 
was substituted as the regular legume in the rotation in addition to its seeding 
in the wheat for use as a green manure crop. Seed was harvested from all the 
regular sweet-clover plots and the straw returned to the residues plots. In 1922 
the limestone applications were discontinued after they had reached a total quan- 
tity of 814 to 10 tons an acre on the different series. No more limestone will be 
applied until the need for it appears. The return of the wheat straw as a residue 
was also discontinued < that time. In 1923 the rock phosphate was evened up 
on all phosphorus plots to 8,500 pounds an acre, and no more will be applied for 
an indefinite period. 


TABLE 22.—EWING FIELD: Serrizs 100 and 200, SumMAry oF Crop YIELDS 
Average Annual Yields 1911-1925—Bushels or (tons) per acre 


i ial Soil Wheat Corn Oats Clover | Soybeans es bei 
No. treatment 6 crops 8 crops & crops 2 crops 3 crops 2 pine 
1 OMe ite ckart.. 2.2 15.3 9.8 ( = we 0.00 
pe te 4.1 30.6 15.4 (Gras .42 0.00 
3 Li Lh 14.8 47.8 29.0 ( .91) ( .89) 2.23 
4 1 ied a 20.0 49.0 31.0 (1.12) (1.02) 2.25 
5 US seth hte Aad 14.9 9.4 Get9) 1.8 0.00 
6 6 Boe 15.2 9.9 (223) 1s 0.00 
7 ees pasiess « 15.9 gous 26.2 ( .87) 6. 2.46 
8 RLrP. 19.0 31.7 PY Fe (1.15) dae 2.07 
Oa 2 a 26.1 47.3 34.9 (1.06) 8.5 2.08 
10 De os ae SHEA 3.3 20.1 10.9 (soe) ( .42) 0.00 


A summary of the results is presented in Table 22, showing the average 
annual erop yields obtained for the years the plots have been under their com- 
plete treatments. The extremely poor yields on the untreated land testify to the 
natural poverty of this soil. About 2.5 bushels of wheat an acre has been the 
average production on the check plots. 


The use of manure alone increases the crop yields somewhat, but not suffi- 
ciently to put this kind of farming on a profitable basis. Residues alone are prac- 
tically without effect. 


Limestone produces a very decided increase in yields used either with manure 
or with residues, the large increase with the latter being due mainly to the suc- 
cessful growth of legumes following the application of limestone. 


Rock phosphate has produced a substantial increase in the yield of wheat, 
but it has had little or no significant effect on other crops. Used in the quantity 
applied in these experiments, the profits on the wheat would scarcely carry the 
cost of material. As explained above, however, the phosphate applications have 
been suspended to observe the residual effect. The results of the next few years 
should furnish new light on the economy in the use of phosphate on this soil. 
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Potassium fertilizer, as used in these experiments, has had a decidedly ene: 
ficial effect on all the grain crops. 

The response to treatment on this field resembles in general that on the group 
of fields discussed above. The suggestions, therefore, for the practical improve- 
ment of this soil type correspond to those for Gray Silt Loam On Tight Clay. 
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The Soil Survey of Illinois was organized under the general supervision 
of Professon Cyril G. Hopkins, with Professor Jeremiah G. Mosier. directly 


in charge of soil classification and mapping. After working in association 
on this undertaking for eighteen years, Professor Hopkins died and Profes- 


sor Mosier followed two years later. 


The work of these two men enters so 


intimately into the whole project of the Illinois Soil Survey that it is im- 
possible to disassociate their names from the individual county reports. ~~ 
Therefore recognition is hereby accorded Professors Hopkins and_ Mosier for 
their contribution to the work resulting in this publication. 
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INTRODUCTORY NOTE 


It is a matter of common observation that soils vary tremendously in their 
productive power, depending upon their physical condition, their chemical com- 
position, and their biological activities. For any comprehensive plan of soil 
improvement looking toward the permanent maintenance of our agricultural 
lands, a definite knowledge of the various existing kinds or types of soil is a 
first essential. It is the purpose of a soil survey to classify the various kinds of 
soil of a given area in such a manner as to permit definite characterization for 
description and for mapping. With the information that such a survey affords, 
every farmer or landowner of the surveyed area has at hand the basis for a 
rational system of improvement of his land. At the same time the Experiment 


Station is furnished an inventory of the soils of the state, upon which intelli- 


gently to base plans for those fundamental investigations so necessary for solving 
the problems of practical soil improvement. 

This county soil report is one of a series reporting the results of the soil 
survey which, when completed, will cover the state of Illinois. Each county 
report is intended to be as nearly complete in itself as it is practicable to make 
it, even at the expense of some repetition. There is presented in the form of 
an Appendix a general discussion of the important principles of soil fertility, in 
order to help the farmer and landowner to understand the significance of the 
data furnished by the soil survey and to make intelligent application of the same 
in the maintenance and improvement of the land. In many eases it will be of 


_ advantage to study the Appendix in advance of the soil report proper. 


| 


\ 


Data from experiment fields representing the more extensive types of soil, 
and furnishing valuable information regarding effective practices in soil man- 
agement, are embodied in form of a Supplement. This Supplement should be 
referred to in connection with the descriptions of the respective soil types found 
in the body of the report. 

While the authors must assume the responsibility for the presentation of 
this report, it should be understood that the material for the report represents 
the contribution of a considerable number of the present and former members 
of the Agronomy Department working in their respective lines of soil mapping, 
soil analysis, and experiment field investigation. In this connection special 
recognition is due the late Professor J. G. Mosier, under whose direction the soil 


- survey of Will county was conducted. 
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WILL COUNTY SOILS 


By R. 8S. SMITH, O. I. ELLIS, E. E. DETURK, F. C. BAUER, anp L. H. SMITH? 


LOCATION AND CLIMATE OF WILL COUNTY 


Will county is situated in the northeastern part of Illinois, about 22 miles 
south and west of Lake Michigan. The county is irregular in outline and com- 
prizes an area of about 834 square miles. It is located entirely within the area 
covered by the late Wisconsin glaciation. One hundred forty square miles lie 
in the Kankakee-DesPlaines terrace. 

The climate of Will county has a fairly wide range of temperature between 
the extremes of winter and summer. The greatest range for any one year in 
the thirty-year period from 1895 to 1924 was 126 degrees in 1914. The highest 
temperature recorded during this period was 104°; the lowest, 25° below zero. 
During this thirty-year period, the temperature reached zero, or below, every 
winter with the exception of three, those of 1906, 1908, and 1921. During this 
same period, the winter temperature fell to 10° or more below zero in twenty 
out of the thirty winters, and the summer temperature registered 100° or more 
during fifteen summers. The average date of the last killing frost in the spring 
is May 2, the earliest in the fall, October 10, which gives an average growing 
season of 161 days. 

The average annual rainfall for Will county for the thirty-year period was 
32.83 inches. The average rainfall by months for this period was as follows: 
January, 1.90 inches; February, 1.57; March, 2.73; April, 2.66; May, 3.80; 
June, 3.44; July, 3.35; August, 3.37; September, 3.56; October, 2.37; Novem- 
ber, 2.05; December, 1.90. 


AGRICULTURAL PRODUCTION 


Will county is agricultural in its interests. It is well adapted to grain, 
livestock, dairy, or mixed farming because of its large proportion of dark-col- 
ored upland soil and because of the nearness of the Chicago and other markets. 
The dairy industry is centered around Joliet, New Lenox, Mokena, Lockport, 
and Steger. Nearly all the milk is shipped or hauled directly into Chicago and 
Joliet. There are very few creameries and cheese factories in the county, and 
no livestock centers. Beef cattle and hogs are important, but only a very few 
sheep are found on the farms. 

According to the Fourteenth Census of the United States. there were 3,385 
farms in Will county in 1919. These had an average of 144.2 acres, of which 
127.3 acres were improved. Approximately 90 percent of the county is in farm 
land. During the past ten years there has been a slight decrease’in the number 
of farms and an increase in tenantry. 

1R, S. Smith, in charge of soil survey mapping; O. I. Ellis, Assistant Chief in soil survey 


espe ; E. E. DeTurk, in charge of soil analysis; F.C. Bauer, in charge of experiment 
fields; L. H. Smith, in charge of publications. 
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The principal crops grown are wheat, corn, oats, barley, rye, forage, and 
hay. The acreage in alfalfa and sweet clover has gradually increased since 1920. 
The Census reports the following acreage and yield of the principal crops for 1919. 


Crops Acreage Production Yield per acre 
COTM, 3. st cln eset exe se ;.0itoes 129,404 4,271,101 bu. 32.2 bushels 
OPI eRn OE id pectCo 0 oS 0 hOneO DE 112,028 3,790,775 bu. 33.8 bushels 
WiEat Fas iterate eis oss 54,175 954,452 bu. 17.6 bushels 
Bar lov. ae mclev aero eererkornes sare 6,281 161,560 bu. 25.7 bushels 
VG rontains ctstalaicicl mene ste sisters a | VALS 54,345 bu. 13.0 bushels 
BUI OUNG Om caters latelnte eraveia a Vepaiers 20,761 24,937 tons 1.20 tons 
Timothy and clover mixed.... 17,727 21,150 tons 1.20 tons 
CLOVOE vane sins isle sieianvieyeie oryein oe 3,312 4,031 tons 1.21 tons 
PAPA meres cs <tese reins ap sheiseorermiete 1,984 5,113 tons 2.57 tons 
BSS? COGS messi «7 evercioie sant 11,235 64,968 tons 5.78 tons 
Comme Por FOL ee ors c «eases /eceroars 21,700 25,868 tons 1.19 tons 


These figures are for but a single year. For the ten-year period 1911 to 1920 the 
U.S. Department of Agriculture gives the average yield of corn as 35.6 bushels; 
oats, 40.6 bushels; winter wheat, 20.2 bushels; hay, 1.19 tons. 

The importance of livestock in the agriculture of Will county is shown by 
the following figures for 1919, also taken from the Census of 1920: 


Animals and Animal Products Nwmber Value - 
ETOTSOS f5 h wiraer oss ta aca aie) aoa agape oie seer etc ane ee 21,197 $1,967;586 
IMINO aotire isles ver ante re ea dole reas Sterecatey at keener eet 468 54,805 
Beet "Catbler oo. Si eicd re aw teeth artis ture saunas places as 138,313 1,219,584 
adeys CACO) 2s shee stars asians Gene erate Meee ieee teres 30,574 2,124,790 
fal (C22) aa RE OO RTO OOO ib Ge Glo che tid fd Ae GO Oe 3,196 37,481 
SWIG: 6) ai tiai « ceasete ua ue poke mi ays Mina ane ene tore ate 47 262 972,718 
Value Jof all. howler y aii ciate = tetcteteists arate elt beter 0 ey mete 392,686 
Value of esos andi chickens 2... amuse smerenyers eit ere eer 942,175 
Valusio£ ‘dairy productsic. scars aici utercteciels 1s teeters mere 1,472,625 
Nise) Ui eremogrorie GOR re oH ON asa nd, OOGmc OPE Ot 12,994 Ibs. 6,774 


Fruit and vegetable growing in Will county have been, until recently, lim- 
ited to small garden patches and orchards for home consumption. However, in 
the territory adjacent to or near the industrial centers of Joliet, Steger, and 
Chicago Heights, truck gardening has been on a rapid inerease since 1920. 
irape growing in the sandy region near Braidwood and Wilmington, formerly 
a coal mining section, has been on an inerease during recent years. Melons also 
are grown extensively in this region. 

Limestone, phosphates, and mixed fertilizers are used extensively in the 
county. The truck gardeners make liberal use of manure and other fertilizers. 


SOIL FORMATION 
GLACIATION 

One of the most important periods in the geological history of the county, 
from the standpoint of soil formation, was the Glacial period, during which 
and immediately following, the material that later formed the mineral portion 
of the soils was being deposited. 

During the Glacial period, three ice sheets, the Illinoisan, early Wisconsin, 
and late Wisconsin, advanced across the area now occupied by Will county. The 
last of these great ice advances, the late Wisconsin, built up an extensive system 
of moraines known as the Valparaiso morainie system, which is concentric to 
Lake Michigan. The morainic ridge which occurs along the west side of the 
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county is known as the Minooka ridge. The peculiar topography, known as 
knob-and-basin topography, which occurs in the northern part of the county, 
is characteristic of the late Wisconsin moraines. 

The thickness of the glacial drift varies from a few feet to 150 feet or more. 
Probably very little of the surface soil is derived from the underlying drift, 
since it was covered by a blanket of wind-blown material, or loess. The loess 
averages about 35 inches in thickness, varying from about 16 inches to 4 or 5 feet. 


SOIL DEVELOPMENT 


During the time which has elapsed since the last ice invasion, weathering 
and other processes have been active, resulting in the formation of the soils of 
the county as we know them today. Since the upland prairie has been occupied, 
probably continuously, by grass vegetation, organic matter has accumulated, 
resulting in the formation of productive, dark-colored soils. The -agencies of 
weathering, acting on the soil material, caused the leaching of certain minerals, 
the accumulation of others, and the movement of particles into layers, zones, or 
“‘horizons.’’ Thus, we now have distinct horizons in the upland soils which are 
designated by the letters A, B, and C. The areas adjacent to streams, which have 
been occupied by timber, are light-colored because of relative deficiency of the sur- 
face soil in organic matter. The bottom-land soils are made up, for the most part, 
of alluvial material brought down from the uplands of the immediate vicinity. 
These soils are immature and have not developed horizons, as is the case with the 
mature upland soils. 


PHYSIOGRAPHY AND DRAINAGE 


Will county presents striking variations in topography. The upland varies 
from flat to rolling. In the northern part of the county, adjacent to DuPage 
and Cook counties, the topography is of the knob-and-basin type, as previously 
noted. The terraces, which are located principally in the western and south- 
western part of the county, vary from flat to undulating. In the portion which 
borders the Kankakee river, the rolling topography is due to the action of the 
wind upon the sandy soils, piling them into dune-like formations. 

Will county has four distinct drainage basins, namely: Lake Michigan, 
Kankakee, DesPlaines, and DuPage. The drainage map, page 4, shows the 
portions of the county within each of these basins. DesPlaines and Kankakee 
rivers pass thru extensive terraces and old swamp areas, converging one mile 
west of the Grundy-Will county line to form Illinois river. Will county forms 
a, part of the divide between the Mississippi and St. Lawrence river basins. 
Since the opening of the Chicago Sanitary District canal in 1900, part of the 
waters of Lake Michigan have been diverted thru the canal into DesPlaines 
river at Lockport. 

The rivers of the county rarely overflow their banks during periods of 
high water because of their wide and deep channels. The upland areas of the 
county are, for the most part, well drained by tile, open ditches, intermittent 
streams, and creeks. The terraces that are underlain with coarse sand and 
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gravel have good drainage, while those that are underlain with finer-grained 
sand and limestone are usually insufficiently drained. 

The altitudes of some of the locations in Will county are as follows: Beecher, 
720 feet; Frankfort, 764; Joliet, 539; Manhattan, 686; Monee, 800; Wil- 
mington, 549. 


SOIL GROUPS 


The soils of Will county are divided into four groups, as follows: 

Upland Prairie Soils, usually rich in organic matter. These areas were 
originally covered with wild prairie grasses, the partially decayed roots of 
which have been the chief source of the organic matter. 

Upland Timber Soils, including those soils often found along stream 
courses on which forests grew for a long period of time. These'soils contain 
less organic matter than the prairie soils because the large roots of dead trees 
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and the surface accumulation of leaves, twigs, and fallen trees decayed almost 
completely or were burned by forest fires. 

Terrace Soils, formed from deposits laid down by flooded streams during 
high water at the time of the melting of the glaciers. Large quantities of sand 
deposited on certain portions of the terrace have been reworked by the wind. 
These areas constitute the sand dunes in Will county. 

Swamp and Bottom-Land Soils, including the overflow land or flood plains 
along streams, the swamps, and the poorly drained lowlands. 

Table 1 gives a list of the soil types found in Will county, the area of each 
type, and its percentage of the total area. The accompanying map shows the 
location and boundary of each type of soil down to areas of only a few acres 
in extent. For explanations concerning the classification of soils and the inter- 
pretation of the maps and tables, the reader is referred to the first part of the 


Appendix to this report. 


TasBLe 1.—Sor Tyres or Witt County, ILuinors 


Soil Area in Area Percent 
type Name of type square in of total 
No. miles acres area 
Upland Prairie Soils (1000, 1200) 
pe Ns 544.46 | 348 454 65.22 
ele 23.75 15 200 2.84 
1928. 1\|Brown Silt Loam On Tight Clay............ 84 538 10 
1026.5 |Brown Silt Loam On Rock................. Dot 1 414 .26 
i260} TRO ESE hal Oc er .12 77 .02 
571.38 365 683 68.44 
Upland Timber Soils (1000, 1200) 
ipaq) [Yellow-Gray Silt Loam.................0.. 61.92 39 629 7.42 
a 6.96 4 454 83 
1081 |DuneSand............... rete aa lnss vite .22 141 .03 
69.10 44 224 8.28 
Terrace Soils (1500) 
1527 Brown Silt Loam Over Gravel.............. 29.19 18 682 3.50 
1560); |Browmisandy Loam..... 20.05.05 6.....005. 46.26 29 606 5.54 
1526.4 |Brown Silt Loam On Gravel............... 18.29 11 706 2.19 
1560.4 |Brown Sandy Loam On Gravel............. 1.65 1 056 .20 
1526.5 {Brown Silt Loam On Rock................. ile(Aala) 10 950 2.05 
TSAI” SID (CSL, aie er 7.16 4 582 .86 
1534.4 |Yellow-Gray Silt Loam On Gravel.......... 2.36 1 510 28 
1536 ~=—-| Yellow-Gray Silt Loam Over Gravel........ 1.94 1 242 23 
1567 |Yellow-Gray Sandy Loam Over Gravel...... WeYe 1 485 28 
Ho odmenacke samc y MOAT G, , calsiices aces sees ss 5.58 Seay (il 67 
1566 |Brown Sandy Loam Over Gravel........... 4.34 2 778 52 
LoL Omen erOnmm@tavaboam.) 0. vais ke eee es 1.23 787 ~1L5 
1534.5 |Yellow-Gray Silt Loam On Rock........... .02 13 .002 
15207 | Wolke tay AWORIN. 6.550. . ce cee cee ees 1.67 1 069 .20 
NG OOT SeGrave Mylo 885 ees hie Sas ve edo .05 32 005 
1597.5 |Stony Brown Silt cain On Rock (boulders) 3.17 2 029 38 


142.34 91 098 17.05 
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TABLE 1.—So1, TyPes oF WILL County, ILLINoIsS—Continued 


Soil Area in Area Percent 
type Name of type square in of total 
0. miles acres area 
Late Swamp and Bottom-Land Soils (1400) 
1454" “q| Mixed oan Sen meeps ote ode on ce rae 19.56 12 518 r 2.34 
1426 Brown sult Loambppe es soc se vec 3 oe re 2.38 1 523 .28 
1454-5- | Mixed Loam Onvhockencs sone eaces eee: 9.14 5 850 1.09 
1463 |Black Mixed Sandy Loam On Rock......... 2.66 1 702 .32 
1450.1 |Black Mixed Loam On Clay............... 86 551 10 
1450 Black Mixed Liganvercer cna ore aera 5.16 3 302 62 
TAI 1 Deep Pests: 5.20 cess wes ache enone 2.06 1 318 .24 
140209 | Medium :Peat OniClaya, .. a scuper eerie .10 64 02 
BLOF Peaey: ORT. ¢,.)5 sac relele ences Meee ees sil 71 .02 
1402°5 |Medium Peat On Rock..<....-.5.. seen ee .05 32 .005 
42.08 26 931 5.03 
Residual Soils (000) 
HOON Rock Outcrop...0: sake eee ie | 160g .03 
Miscellaneous 
ROG (UATTY «| ..< a. ios se eee ee ta 454 .09 
KQvaVelspitj. sis. -'sc aaa hee eee .87 557 -10 
WWSGCI GF is.. iar e's wcined. cee ee ee 8.06 5 158 97 
IME GEM) 25,2 suc ae eee Cee eee 07 45 01 
9.71 6 214 a ea lf 
iG | PE rr oN ocean e 834.86 534 310 100.00 


INVOICE OF THE ELEMENTS OF PLANT FOOD 
IN WILL COUNTY SOILS 


In order to obtain a knowledge of its chemical composition, each soil type 
is sampled in the manner described in the following paragraph and subjected 
to chemical analysis for its important plant-food elements. 

Samples are taken usually in sets of three to represent different strata in 
the top 40 inches of soil; namely, an upper stratum (extending from 0 to 
624 inches), a middle stratum (624 to 20 inches) and a lower stratum (20 to 
40 inches). These sampling strata correspond approximately in the common 
kinds of soil to 2 million pounds an acre of dry soil in the upper stratum, to 
two times this quantity in the middle stratum, and to three times it in the 
lower stratum. This, of course, is a purely arbitrary division of the soil sec- 
tion, very useful in arriving at a knowledge of the quantity and distribution 
of the elements of plant food in the soil, but it should be borne in mind that — 
these strata seldom coincide with the natural strata as they actually exist in 
the soil. 

By this system of sampling we have represented separately three zones for 
plant feeding. The upper, or surface layer, includes at least as much soil as is 
ordinarily turned with the plow, and this is the part with which the, farm 
manure, limestone, phosphate, or other fertilizing material is incorporated. 

The chemical analysis of a soil, obtained by the methods here employed, 
gives the invoice of the total stock of the several plant-food materials, actually 
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_ present in the soil strata sampled and analyzed. It should be understood, 
however, that the rate of liberation from their insoluble forms, a matter of 
at least equal importance, is governed by many factors, and is therefore not 
necessarily proportional to the total amounts present. 

For convenience in making application of the chemical analyses, the re- 
sults as presented here have been translated from the percentage basis and 
are given in the accompanying tables in terms of pounds per acre. In this the 
assumption is made that for ordinary types a stratum of dry soil of the area 
of an acre and 62% inches thick weighs 2 million pounds. It is understood, of 
_ course, that this value is only an approximation, but it is believed that with 
this understanding it will suffice for the purpose intended. It is, of course, a 
simple matter to convert these figures back to the percentage basis in case one 
desires to consider the information in that form. : 

With respect to the presence of limestone and acidity in different strata, 
no attempt is made to include in the tabulated results figures purporting to 
represent their averages for the respective types, because of the extreme varia- 
tions frequently found within a given soil type. In examining each soil type 
in the field, however, numerous qualitative tests are made which furnish gen- 
eral information regarding the soil reaction, and in the discussions of the in- 
dividual soil types which follow, recommendations based upon these tests are 
given concerning the lime requirement of the respective types. Such recom- 
mendations cannot be made specific in all cases because local variations exist, 
and because the lime requirement may change from time to time, especially 
under cropping and soil treatment. It is often desirable, therefore, to deter- 
mine the lime requirement for a given field, and in this connection the reader 
is referred to the section in the Appendix dealing with the application of 
limestone (page 37). 


THE UPPER SAMPLING STRATUM 


In Table 2 are reported the amounts of organic carbon, nitrogen, phos- 

phorus, sulfur, potassium, magnesium, and calcium in two million pounds of 

the surface soil of each type in Will county. 

: In connection with this table attention is called to the variation among 
the soil types with respect to their content of the different plant-food elements. 
It will be seen from the analyses that variations in the organic-carbon content 
of the different soils are accompanied by similar variations in the nitrogen 
eontent. The organic-carbon content, which serves as a measure of the total 
organic matter present, is usually from 10 to 12 times that of the total nitrogen. 
This relationship is explained by the well-established facts that all soil organic 
matter contains nitrogen and that most of the soil nitrogen (usually 98 per- 
eent or more) is present in a state of organic combination. This close relation- 
ship is also maintained in the middle and lower sampling strata. 

The range in content of organic matter and nitrogen in the different soil 
types, is wide, altho the major portion of the soils of Will county are well sup- 
plied with these materials. About 75 percent of the total area of the county 
consists of soils containing 40,000 pounds or more of organic carbon in the 
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surface 2 million pounds. The remaining area is made up mainly of the up- 
land timber types and sandy soils. The most extensive soil type in the county, 
Brown Silt Loam, contains in the surface soil an average of 68,340 pounds per 
acre of organic carbon and 6,910 pounds of nitrogen. In a general way these 
amounts may be considered adequate for good crop production, but they are 
subject to gradual depletion, particularly when cultivated crops are largely 
grown. The part which remains year after year is that which has resisted 
decay and is of much less value in the soil than more ‘‘active’’ materials. For 
this reason the addition of fresh organic materials, such as stable manure, 
stalks, and green-manure crops are necessary to keep the soil permanently in 
the most productive state. | 

Other constituents are not so closely associated with each other as organic 
matter and nitzogen. However, there is some degree of correlation between 
sulfur, another element used by growing plants, and organic carbon. This is 
because a considerable, tho varying proportion of the sulfur in the soil exists 
in the organic form; that is, as a constituent of the organic matter. With the 
exception of Dune Sand, Brown Sandy Loam, and Yellow-Gray Silt Loam, all 
the types in the county contain fairly large amounts of sulfur. Dune Sand 
contains only 180 pounds of this element in 2 million pounds of soil; the peat 
soils, on the other hand, contain amounts ranging from 2,240 to 7,130 pounds. In 
most cases the sulfur content amounts to about two-thirds that of phosphorus. 
The sulfur available to crops is affected not only by the soil supply, but also by 
that brought down from the atmosphere by rain. Sulfur dioxid eseapes into 
the air in the gaseous products from the burning of all kinds of fuel, par- 
ticularly coal. The gaseous sulfur dioxid is soluble in water and consequently 
it is dissolved out of the air by rain and brought to the earth. In regions of 
large coal consumption the amount of sulfur thus added to the soil is rela- 
tively large. At Urbana, during the eight-year period from 1917 to 1924, there 
was added to soil by the rainfall, 3.5 pounds of sulfur an acre a month as an 
average. Similar observations have been made in other localities for shorter 
periods. At Carlinville, in Macoupin county, the rainfall for seven months, 
April to October, 1922, brought down 34.85 pounds of sulfur an acre, or an 
average of 5 pounds a month. At Toledo, Cumberland county, from April to — 
November, 1922, the average precipitation was 3 pounds an acre a month. The 
rainfall at Joliet, in Will county, from April thru September, 1922, carried 
down 20.62 pounds of sulfur an acre, or an average of 5.44 pounds a month 
for those months. The extreme range of variation in precipitation of sulfur 
over the state has varied in the observations taken, from .74 pound to a maxi- 
mum of 10.22 pounds a month. These figures will afford some idea of the 
amount of sulfur added by rain and also of the wide variation in these amounts 
under different conditions. With the sulfur added from the atmosphere sup- 
plementing that contained in the soil, it would appear that there is probably 
no need for sulfur fertilizers in Will county. In order to determine definitely 
the response of crops to applications of sulfur fertilizers, experiments with 
gypsum have been started at five experimental fields: namely, Raleigh, To- 
ledo, Carthage, Hartsburg, and Dixon. : 
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Phosphorus is fairly abundant in the upland prairie soils, which constitute 
approximately two-thirds of the area of the county. The minimum for the 
surface soil of any type in this group is 1,360 pounds an acre, while the aver- 
age content is 1,770 pounds. Judging from the chemical composition alone, 
one would not expect a great need for phosphorus fertilization in these soils. 
However, there has been obtained a good response for the application of rock 
phosphate at the Joliet experiment field, as well as on many farms in the county. 
The Upland Timber soils, as a group, contain the least phosphorus of the Will 
county types, the lowest figure being only 380 pounds an acre for Dune Sand. 

Potassium, as is usually the case, is deficient in Deep Peat, there being 
only 6,300 pounds in the surface stratum. The Medium Peats contain some- 
what more, while the Peaty Loam contains approximately the same amount 
as Dune Sand, namely, 21,000 to 22,000 pounds. The more or less sandy soils, 
aside from containing less potassium than the heavier types, carry a large 
proportion of this element in the sand grains. The relatively small surface 
exposed in the case of these coarse particles greatly lowers the solubility and 
availability of the potassium in sand soils, but this is partly offset by the greater 
depth of the feeding zone for crop roots in sandy soils as compared with the 
heavier types. The other soil types of the county are well supplied with total 
potassium, the amounts in the upper sampling stratum ranging from approxi- 
mately 32,000 pounds to over 48,000 pounds. 

Both calcium and magnesium are well supplied in the soils of Will county. 
Calcium ranges, in the upper 624 inches of soil, from 4,900 to 142,740 pounds 
an acre. Only one soil type, Dune Sand, contains less than 8,000 pounds of 
this element. The magnesium content ranges from the very low amount of 
1,360 pounds an acre in Black Sandy Loam to 86,100 pounds in Gravelly Loam. 
These extreme types, however, occupy only small areas. The major portion 
of the soils of the county contain from one-half to two-thirds as much mag- 
nesium as calcium in the surface stratum. 


THE MIDDLE AND LOWER SAMPLING STRATA 


In Tables 3 and 4 are recorded the amounts of the plant-food elements in 
the middle and lower sampling strata. In comparing these strata with the 
upper stratum, or with each other, it is necessary to bear in mind that the data 
as given for the middle and lower sampling strata are on the basis of 4 mil- 
lion and 6 million pounds of soil, and should therefore be divided by 2 and 3 
respectively before comparing them with each other or with the data for the 
upper stratum, which are on a basis of 2 million pounds. 

_ Considering the data in this way it will be noted in comparing the three 
strata with each other that some of the elements remain practically constant in 
amount thruout the entire depth sampled; others exhibit more or less variation 
at the different levels. Furthermore, these variations as a rule move in certain 
general directions, and by a careful study of them it is frequently possible to 
obtain clues as to the age or stage of maturity of the various soils, their agri- 
cultural importance and needs, and the nature of some of the processes going 
on in soil formation. 
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From this point of view it will be seen, in comparing the three strata with 
each other, that, with the exception of Deep Peat, all of the soil types diminish 
rapidly in organic matter and nitrogen with increasing depth, and that this 
diminution is very marked even in the middle stratum. The sulfur content 
diminishes markedly with increasing depth except in the case of the Peats. 
This is to be expected since a portion of the sulfur exists in combination with 
the soil organic matter, and inorganic forms of sulfur are not tenaciously re- 
tained by the soil against the leaching action of ground water. Phosphorus, on 
the other hand, is not removed from the soil by leaching. It is converted by 
growing plants into organic forms and tends to accumulate in the surface soil 
in these forms in plant residues at the expense of the underlying strata. Con- 
sequently, almost without exception in Will county the surface soil contains 
a larger proportion of phosphorus than the middle stratum. The lower stratum 
usually contains approximately the same proportion of phosphorus as the mid- 
dle stratum, or slightly more, because it has not been so heavily drawn upon. 

The content of potassium in the different depths varies only slightly. 
Analyses of upland types show, however, that the other two important. basic 
elements, calcium and magnesium, have undergone some shifting in the differ- 
ent levels. The calcium content, on the whole, is much higher than that of 
magnesium, indicating a more abundant supply of calcium in the soil-forming 
materials. However, with two exceptions the ratio of the calcium content to 
the magnesium content diminishes in the middle stratum as compared to the 
upper. This is accompanied by an increase in the amount of magnesium in 
the middle stratum and usually in the lower as well. As these two elements 
leach downward thru the soil, magnesium is more readily absorbed by the soil 
mass than calcium, and calcium is thus forced out into the solution to be car- 
ried farther down. Consequently, calcium does not begin to accumulate until 
it reaches the lowest level, and in counties farther south, where there is greater 
rainfall it is frequently carried down several feet. The terrace soils are begin- 
ning to show the results of this process, but in the bottom-land soils the effects 
are masked by those of overflow. This relationship does not exist in those soils 
in which leaching has not progressed far enough to remove the calcium 
carbonate. 

It is frequently of interest to know the total supply of a plant-food ele- 
ment accessible to the growing crops. While it is not possible to obtain this 
information exactly, especially for the deeper-rooted crops, it seems probable 
that practically all of the feeding range of the roots of most of our common 
field crops is included in the upper 40 inches of soil. By adding together, for 
a given soil type, the corresponding figures in Tables 2, 3, and 4, the total 
amounts of the respective plant-food elements to a depth of 40 inches may be 
ascertained. 

Considered in this manner the tables show that there is not only a wide 
diversity among the different soils with respect to a given plant-foot element, 
but that there is also a great variation with respect to the relative abundance 
of the various elements within a given soil type as measured by erop require- 
ments. For example, in the most common soil type in the county, mapped as 
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Brown Silt Loam, Upland, we find that the total quantity of nitrogen in an 
acre to a depth of 40 inches amounts to 18,850 pounds. This is about the amount 
of nitrogen contained in the same number of bushels of corn. The amount of 
phosphorus, 4,870 pounds, contained in the same soil is equivalent to that con- 
tained in 28,650 bushels of corn, while in the same quantity of this soil there 
is present 226,250 pounds of potassium, the equivalent of that contained in 
approximately 1,200,000 bushels of corn. Yellow-Gray Silt Loam, the most 
common timber type in the county, presents a marked contrast in nitrogen con- 
tent. It contains only 8,830 pounds an acre in the 40-inch stratum, or less 
than half the amount present in Brown Silt Loam, while the phosphorus and 
potassium contents are approximately the same in the two types. Deep Peat, 
on the other hand, as compared with Brown Silt Loam, contains more than six 
times as much nitrogen, or 119,420 pounds an acre; and nearly twice as much 
phosphorus, 7,840 pounds; but is strikingly low in potassium, containing only 
20,780 pounds, or less than one-tenth as much as is contained in the same area 
of Brown Silt Loam. 

Similar observations with respect to calcium are of more interest when 
applied to legumes rather than corn. The three kinds of soil discussed above, 
namely Brown Silt Loam, Yellow-Gray Silt Loam, and Deep Peat contain, re- 
spectively, in the 40-inch stratum 155,150 pounds, 87,030 pounds, and 431,190 
pounds of calcium an acre. Since a ton of red clover hay contains 29 pounds 
of calcium, the above amounts are equivalent, respectively, to about 5,000 tons, 
3,000 tons, and 15,000 tons of clover hay. All three of these soils contain calcium 
carbonate, the active material in limestone, within the 40-inch stratum, and this 
accounts for the high calcium content. 

Very few soil types in Will county have been leached free of calcium car- 
bonate thruout the entire 40 inches. Two such types are Dune Sand and Brown 
Sandy Loam, Upland. These contain, respectively, only 29,680 pounds and 
41,680 pounds an acre of calcium (in forms other than carbonate) in the 40 
inches, which amounts are equivalent to 1,000 and 1,500 tons of clover hay. 

In examining the chemical data from the point of view last developed, that 
is, from the standpoint of the total amounts of plant-food elements in different 
soil types, one is impressed by the apparent relative abundance of the various 
elements as compared with the amounts removed in crops. It is obvious that 
the need for additions of a given element to increase crop yields is not neces- 
sarily due to too small a total amount of it in the soil, but that it may be, and 
usually is, due to too slow a rate of becoming available. This is a fortunate 
situation, since the durability of soils for cropping is due largely to the low 
solubility of the mineral elements of plant food, and in part to the resistance 
of the organic matter to complete destruction by decay. If the various essen- 
tial elements were readily dissolved in the soil and the organic matter subject 
to complete decomposition, the soil would rapidly become depleted as a result 
of the leaching action of water, in spite of the great absorbing power of the 
soil mass. The problem of supplying the needs of crops then becomes one of 
maintaining a steady transformation of the various elements into available 
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TABLE 2.—PLANT-Foop ELEMENTS IN THE Sorts or Witt County, ILLInoIs 
Upper SamMpLine Stratum: Asout 0 To 6% IncHEs 


Average pounds per acre in 2 million pounds of soil 


Soil Total | Total | Total Total | Total 
; and fine Total Total 
type Soil type organic| nitro- | phos- potas- |magne- - 
No. _| carbon} gen |phorus sulfur dure sium calcium 
Upland Prairie Soils (1000, 1200) 
1a96} [Brown Silt Loam. ............. | 6s 340] 6 910| 1 130] 950] 35 940] 9 870] 11 750 
LOZOm Black Clay Woamay ten. «amne soe 84 660} 9 510} 1 290) 1 290} 38 520) 15 130} 20 520 
1228.1|Brown Silt Loam On Tight Clay | 66 340] 6 860) 1 320} 880) 40 280] 12 280) 9 000 
1026.5|Brown Silt Loam On Rock......| 55 940] 7 780} 1 160} 840} 33 860} 11 860} 13 960 
1060 |Brown Sandy Loam............ 14 660} 2 120} 780} 200} 29 340) 3 300) 7 660 
Upland Timber Soils (1000, 1200) 
1034 |Yellow-Gray,Silt Loam......... 26 610) 2 230| 790) 570) 40 650! 6 950) 6 700 
1035.) Yellow Sut Loam. «2... 5... 0.05 29 700} 3 600 960 520} 48 120) 8 940) 8 020 
USE Dune Sand. -ort.4 eon n-ne ee 6 120} 600} 380} 180} 25 780) 2 300} 4 900 
; Terrace Soils (1500) 
1527 |Brown Silt Loam Over Gravel...| 45 880} 6 130} 1 320} 890} 33 260) 6 550] 9 350 
1560 |Brown Sandy Loam............ 33 110} 3 610} 710} 460) 24 130) 2 670} 22 450 
1526.4|Brown Silt Loam On Gravel ....} 47 280} 4 940} 1 190 720| 38 270) 6 660) 9 760 
1560.4|Brown Sandy Loam On Gravel. .| 43 480} 4 620) 1 480} 780} 29 500} 5 560) 11 940 
1526.5|Brown Silt Loam On Rock......| 80 540] 7 760} 1 640} 1 100} 40 440} 9 880} 12 440 
HS 1a Dane Sand; sw. <wsiyeciaeecee Y 10 180} 840} 680) 180} 21 480) 2 780} 6 280 
1534.4] Yellow-Gray Silt Loam On Gravel} 27 820} 3 300} 960] 500} 31 820) 5 780} 9 740 
1536 |Yellow-Gray Silt Loam Over 
Gravina its oa Mek nee 39 200} 4 340} 1 200} 580) 33 000} 6 540} 11 000 
1567 |Yellow-Gray Sandy Loam Over 
Grayeltr: A ce. cine eee 20 400) 2 320} 740} 480} 30 000} 3 140} 9 340 
1561 |Black Sandy Loam.............| 57 720} 5 980) 1 120) 780} 19 780} 1 360) 9 540 
1566 |Brown Sandy Loam Over Gravel!] 2... . [sa |e 5 one cls + oe «|e semen een eee 
1519 |Brown Clay Loam............. 58 940} 5 820} 1 700} 1 020] 42 740} 17 560) 17 200 
1534.5] Yellow-Gray Silt Loam On Rock | 25 280} 2 840} 740) 480] 33 220) 7 740) 9 560 
1520 |Black Clay Loam.............. 121 900}13 340} 2 880] 1 720) 36 220] 17 200} 28 960 
1590 eal Gravelly Loam. «css sca ele 51 580} 6 920) 1 500} 1 100) 22 780) 86 100/142 740 
1597 .5|Stony Brown Silt Loam On Rock] 68 020} 7 640) 1 560) 1 060) 30 000} 5 280} 12 740 


Late Swamp and Bottom-Land Soils (1400) 


1454 |Mixed Loam?.........5.0..00000).022002)eesweeloesdsc[ee +. als ance a rr 
IAP MEI ESTOMW Dy silt LGA. - oe eee eie ete 92 780)10 780} 1 620) 1 400} 388 000} 12 600} 16 980 
1454.,.5|Mixed. Loam On Rock®:..2..55.|) 0022. 0pe. see [es coe cee > aac | 2 en 
1463 |Black Mixed Sandy Loam On 

FROCK? «oso. sce oe oo vies bip ole @ cf'o bo 0.0% elimi a simielel| anc oie) e |p ta eueee| eae 
1450: 1)}Black Mixed Loam On Clay?......| 042... %|l2 00+ [2 a. 2 «sa 210 eee) 
1450 |Black Mixed Loam’... .... 0. 5.) . 00100 a[iiee oe sJec eee cle sac ole eee 


NAQIee Deep-Peéat®. 2... cbs sds eccle casita 282 980/17 140) 1 320} 7 130) 6 300} 4 990/130 280 

1402 |Medium Peat On Clay?......... 405 000/20 810} 570} 3 170} 10 250} 1 890} 11 260 

TAO MN Peat y LOAMng: 6s sci sate os ote 147 440/15 520) 860] 2 240) 22 800} 4 800} 16 280 

1402.5)/Medium Peat On Rock?........ 300 310)16 530} 1 990} 1 150} 9 190) 9 330} 32 490 
Residual Soils (000) 

OO0m Rock: Outcrop 272 oc corer | Ban rf | Re es | ety Sa ic eet ana cae | tates | Pa serte 


LIMESTONE and SOIL ACIDITY.—In connection with these tabulated data, it should be 
explained that the figures for limestone content and soil acidity are omitted not because of any 
lack of importance of these factors, but rather because of the peculiar difficulty of presenting in 
the form of numerical averages reliable information concerning the limestone requirement for a 
given soil type. A general statement, however, will be found concerning the lime requirement of 
the respective soil types in connection with the discussions which follow. 


1Not analyzed. 

2On account of the heterogeneous character of the Mixed Loams, chemical analyses are not 
included for these types. , rt 

3Amounts reported are for 1 million pounds of Deep Peat and Medium Peat. 
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forms during the growing season, from the reserves in the soil, or from added 
fertilizing materials, or from both. The above statements, therefore, are not 
intended to imply that it is possible to predict how long it might be before a 
certain soil would become exhausted under a given system of cropping. Neither 


Tasuie 3.—PLANtT-Foop ELEMENTS IN THE Sorts or WiLL County, ILLINOIS 
Mrppie Sampuine Stratum: Anout 624 To 20 IncHES 


Average pounds per acre in 4 million pounds of soil 


Soil e Total | Total eral Total Total | Total Total 

type oil type organic] nitro-| phos- potas- |magne- . 

No. carbon| gen |phorus sulfur sium | sium calcium 

Upland Prairie Soils (1000, 1200) 
ie Brown Silt Loam.............. 69 780| 7 550| 1 530| 1 090| 74 370| 23 540| 21 200 
1020) |BlackClay Loam.............. 76 530) 8 920} 2 270) 1 480} 66 200) 30 600) 31 150 
1228.1|Brown Silt Loam On Tight Ee 58 600} 7 160} 1 520 920} 79 680) 32 200) 17 160 
1026.5|Brown Silt Loam On Rock......| 76 720} 8 640) 2 160) 1 240} 68 360} 18 720) 20 240 
1060 |Brown Sandy Loam............ 23 660| 3 360] 1 360 360] 57 480) 7 720) 13 440 
Upland Timber Soils (1000, 1200) 
1034 |Yellow-Gray Silt Loam......... 21 100] 2 940] 1 200 600] 81 020] 26 260] 12 560 
1035 {Yellow Silt Loam.............. 17 040} 3 200} 1 800 560} 95 960) 28 680} 15 320 
TOS DS SES 5 760} 1 040 920 520| 51 960| 5 160! 10 320 
Terrace Soils (1500) 
1527 |Brown Silt Loam Over Gravel...| 63 080] 6 720) 2 020] 1 120 400| 17 320 
1560 |Brown Sandy Loam............ 36 330} 3 930) 1 070 710) 44 080 310} 18 390 
'1526.4|Brown Silt Loam On Gravel... .| 56 520} 6 440} 2 120} 1 260] 77 260 
1560.4)Brown Sandy Loam On Rock. ..| 65 880) 7 640) 3 080) 1 400) 58 920} 11 320} 18 360 
1526.5|Brown Silt Loam On Rock...... 65 320} 8 600] 2 680} 1 640) 84 480} 48 680} 59 600 
Udeth |LON TOC he 9 560} 1 000} 1 440 280} 41 160} 6 240} 14 880 
1534.4) Yellow-Gray Silt Loam On Gravel] 25 480} 3 560} 1 800) 480} 63 200} 21 000) 19 720 
1536 |Yellow-Gray Silt Loam Over 
(HNO, 2 oe 42 600) 5 360} 2 000 760} 66 120] 14 960} 22 880 
1567 |Yellow-Gray Sandy Loam Over 
ae 18 240} 2 800) 1 640 560} 64 200) 13 000) 17 320 

1561 {Black Sandy Loam.. ....| 29 720) 2 760) 1 320 640} 34 600} 3 640) 16 040 
1566 |Brown Sandy Loam Reretee ce ents tate |e aha teen car lee eae 
toro Brown Clay Loam............. 76 160] 8 160} 2 560) 1 360) 85 520) 39 800} 35 080 
1534.5)Yellow-Gray Silt Loam On Rock} 24 160) 3 160) 1 440 920} 60 640} 18 800) 15 360 
tozO Black Clay Loam.............. 164 480}17 520} 5 240) 2 480} 79 680} 389 520} 56 680 


SERRE LET Y AD ae nc ore sts, soo [vine «ce «| oe 0a be fe eyed s|emitiace «[aeine aves 
1597.5|Stony Brown Silt Loam On Rock| 49 520) 5 560] 1 880} 960} 62 640 


Late Swamp and Bottom-Land Soils (1400) 


tee ERIE OPIS gee te 0 A AP aia c ace evaifiara tejer a] aici e ao «i[ ore ayere’e] eels a Sas 
1426 brown silt Loam.-............. 118 280]13 840} 3 000) 1 920) 75 000 
ane meas Maat xe COA ON FLOCK?) << 2. ces | ese ee ee |e ee ee eles ee nsec eels few elma « 
1463 |Black Mixed Sandy Loam On 

ne OE PIN I ek cron, ciaus, css, [lncdic sou of 5. apelevsif's wee ot OA ee 
1450.1)Black Mixed Loam On Clay?....|.. Scene | ae ice iaeecet aera ostall onctcmn avec 
1450 |Black Mixed Loam?............].. REE ee ote ee hace cae 5 


LACE 1D ESS) a) eT ee 768 720\41 620) 2 800/21 220) 5 840) 9 060/165 160 
1402 |Medium Peat On Clay?......... 478 920|27 680) 1 260) 4 580) 38 900) 12 760) 16 740 
AV oo A 0 ee era 115 240]13 320} 1 400] 1 600) 53 880} 12 840) 25 920 


for) 

ee) 

bo 

for) 

it SAS Bie ee Ee eae Ge QQ ea Se SOC ol S| 

i) — 

OOo 
w 
S 
i=) 
iS) 
(=) 
Bd 
~— 
So 


Residual Soils (000) 
WOQMIIReckOmtcropl ss... sees lsceeaays [eiedoe ir. ene [Resireiee ll at Soar eal aeaeke weohcl| a ct ee 
LIMESTONE and SOIL ACIDITY.—See note in Table 2. 


1Not analyzed. 

20n deccunt of the heterogeneous character of the Mixed Loams, chemical analyses are not 
included for these types. 

’Amounts reported are for 2 million pounds of Deep Peat and Medium Peat. 
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do the figures necessarily indicate the immediate procedure to be followed in 
the improvement of a soil, for other factors enter into consideration, aside from 
merely the amount of plant-food elements present in the soil. Much depends 


TABLE 4.—PLANT-Foop ELEMENTS IN THE Soits oF WiLL County; ILiinois 
Lower Sameiina Stratum: Asovur 20 ro 40 INcHES 


Average pounds per acre in 6 million pounds of soil 


Total | Total Total 


Soil Total Total 


ee Total Total 
type Soil type organic} nitro- | phos- potas- |magne- . 
No. earbon}| gen |phorus sulfur sium | sium calcium 
Upland Prairie Soils (1000, 1200) 
a Brown Silt Loam.............. 40 570| 4 390] 2 210] 990/120 620] 80 050/122 200 
1O2Oee Black Clay Thos nesses 38 180 5 350} 3 180} 1 260/118 220) 67 820) 70 140 
1228.1\Brown Silt Loam On Tight Clay | 33 600} 5 580} 2 100) 780|118 740} 67 980} 44 220 
1026.5|Brown Silt Loam On Rock!......|.......).0..0-|o +000 «]- «seen ener een 
1060 |Brown Sandy Loam............ 15 480} 1 920} 1 800} 180] 84 000} 10 320} 20 520 
Upland Timber Soils (1000, 1200) 
1034 |Yellow-Gray Silt Loam......... 28 110] 3 660] 2 160] 780|118 470] 78 810] 67 770 
1035. {Yellow-Silt Loam,............. 27 000| 4 680} 2 530} 840/140 760/140 040/206 220 
AUG ume DUING SAN CLe te + cas ruiekos Hare oaks 7 500} 840} 1 380} 600} 76 020) 8 040} 14 460 
Terrace Soils (1500) 

1527. |Brown Silt Loam Over Gravel. .| 86 420| 4 410| 3 000} 930/104 010; 23 310) 27 000 
1560- |Brown Sandy Loam,........... 16 800} 1 740) 1 260} 540) 68 400} 11 520} 27 760 
1526.4|Brown Silt Loam On Gravel....| 51 540} 6 600} 3 000} 1 440/109 200] 49 200} 38 520 
1560.4|Brown Sandy Loam On Gravel? .|... 02.0.5). 02 cle «os ule) co oe cllleeeenenanerel anne een 
1526 .5|Brown Silt Loam On Rock®. 2. .)0 0. 2]. coc ole «eum 0 aillete joc ell sae eee 
Past.) (Dune Sand... se. «a MP erdey se: 13 380] 1 920) 2 100} 240] 60 780} 10 200} 23 100 
1534.4|Yellow-Gray Silt Loam On 

Gravel ee soko ree eee 38 580] 4 020) 3 360} 840} 92 940} 52 020] 49 740 
1536 |Yellow-Gray Silt Loam Over 

Gravel? 27 nels, beeen 27 840] 5 220) 3 480} 480} 99 360] 34 380! 29 940 
1567 |Yellow-Gray Sandy Loam Over 

GTR VC peta tne ete, tredeet cee ss 26 280] 3 900} 2 820} 1 020) 95 580) 30 480) 32 460 
1561 |Black Sandy Loam.. 24 000} 1 920) 2 040 480} 55 140} 2 520} 23 460 
1566 |Brown Sandy Loam Over Gravel!].......|....-.[ieseeclees os tenn es 
1519) |Brown Clay Loam )....-... nc 64 680} 7 380} 3 660) 1 200/126 120) 53 520] 50 160 
1584.5) Yellow-Gray Silt Loam On Rock). .. 22... 2. 2 ..|s ee +e «> += © 20 |e eee 
1520 miblack Clayvuliosmunen sect anae 148 040|16 380) 5 460; 1 250/110 940] 53 100] 65 880 
1590 |Gravelly Loam!............5..0)e 002 ceefesececifoes sna]s os oi) slle en ——————— ana 
1597 .5|Stony Brown Silt Loam On Rock!)... .....|/.-<ccle:e= + :|os «>> + |Uceereeen | neT 

Late Swamp and Bottom-Land Soils (1400) 
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LIMESTONE and SOIL ACIDITY.—See note in Table 2. 


1Not analyzed. 
2On account of the heterogeneous character of the Mixed Loams, chemical analyses are not 
included for these types. 
3Amounts reported are for 3 million pounds of Deep Peat and 414 million pounds of Medium 
Peat on Clay. 
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upon the nature of the crops to be grown, as to their utilization of plant-food 
materials, and much depends upon the condition of the plant-food substances 
themselves as to their availability. Finally, in planning the detailed procedure 
for the improvement of a soil, there enter for consideration all the economic 
factors involved in any fertilizer treatment. The data do, however, furnish an 
inventory of the total stocks of the plant-food elements that ean possibly be 
drawn upon, and in this way, contribute fundamental information for the in- 
telligent planning, in a broad way, of systems of soil management for con- 
serving and improving the fertility of the land. 


DESCRIPTION OF SOIL TYPES 
UPLAND PRAIRIE SOILS 


The upland prairie soils of Will county cover 571.38 square miles, or 68.44 
percent of the total area of the county. These soils are usually dark in color, 
owing to the accumulation of organic matter which has been derived very 
largely from the fibrous roots of the prairie grasses that once covered this land. 
The network of grass roots was protected from rapid and complete decay by 
the covering of fine, moist, surface soil and by the mat of vegetative material 
formed by the debris of the dead leaves and stems. 

The upland prairie soils in this county include some areas of recent timber 
growth, where certain varieties of trees have invaded the prairies but have not 
grown for a long enough period to produce the characteristic timber soil. 


Brown Silt Loam (1026, 1226) 


Brown Silt Loam, Upland, is the most extensive soil type in Will county, 
occupying 544.46 square miles, or about 65 percent of the area of the county. 
The profile of this type as mapped varies considerably in different portions of 
the county as regards color, texture, thickness, and physical properties of the 
horizons, and also as regards depth to glacial drift. Most of the type is undu- 
lating to rolling, with good natural drainage. Erosion is active on the steeper 
slopes. Calcareous drift occurs at an average depth of about 25 inches over 
practically the entire area occupied by this type. In the region near the sandy 
terrace, an appreciable amount of sand occurs in the surface and subsurface 
horizons. , 

The A, horizon varies in depth from 6 to 13 inches, in color from light 
brown to nearly black, and in texture as above noted. The A, horizon, which 
extends to about 15 inches in depth, varies from a yellowish brown to a light 
brown silt loam, the yellowish tint occurring in the areas which have sufficient 
slope for good surface drainage. The B horizon, with an average thickness of 
10 inches, varies from a slightly compact, lightly mottled, yellow silt loam to 
a compact, mottled, drabbish yellow silty clay loam, with glacial gravel present 
in some places. The C horizon is a friable, usually calcareous, yellow silt loam, 
containing glacial gravel and spotted with yellow iron concretions. 
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Management.—The variations in Brown Silt Loam in Will county must 
be recognized in its management if the best results are to be secured. Tests 
indicate that the higher, lighter-colored areas, unless erosion has exposed the 
calcareous subsoil, need about 2 to 3 tons of limestone an acre for alfalfa or 
sweet clover. Many of the low-lying, dark-colored areas need no limestone. 
Much of this type is becoming too low in organic matter to allow good seed-bed 
preparation with a minimum amount of work. The regular growth of clover, 
preferably sweet clover, and the plowing down of part of the crop as a green 
manure, will be found to be a profitable practice. Sweet clover may be seeded 
in the small grain and pastured during the fall and then plowed down for corn 
the next spring. This practice will result in a marked increase in the corn 
yield, particularly on the lighter-colored portions of the type. 

Results secured on the Joliet experiment field (see page 48) justify rec- 
ommending the application of rock phosphate, particularly if only a small 
amount of manure is available. Smaller returns from the use of this material 
are to be expected on the dark-colored portions of the type. The application 
of potash, in the form of kainit, in addition to residues, lime, and rock phos- 
phate, does not give sufficient increase in yield to pay the cost of material in the 
quantities employed. The favorable results with corn and wheat suggest that 
this material might be used in smaller amounts at a profit. However, these 
results are rather exceptional in this region, and for this reason such use of 
potash in general farming is advised at present only in an experimental way, 
and attention is called to the probability that it would not be found to pay on 
the darker-colored portions of the type. 

To summarize: It is recommended that sufficient limestone be used to grow 
good alfalfa or sweet clover, that a portion of these legumes be plowed down 
at regular intervals, and that rock phosphate or, if preferred, acid phosphate 
or steamed bone meal be used. In addition, the trial of one of the potash salts 
for corn is suggested, particularly on the lighter-colored portions of the type. 


Black Clay Loam (1020, 1220) 


Black Clay Loam, Upland, occurs in small areas thruout the county with 
the exception of those portions occupied by the terrace and timber soil types. 
Numerous narrow strips of Black Clay Loam occur along the small streams. 
In the northern part of the county where the knob-and-basin type of topography 
prevails, the depressions, some of which are under water a part of the year, 
are usually occupied by Black Clay Loam. This type occupies 23.75 square 
miles, or nearly 3 percent of the total area of the county. The topography is 
flat and the drainage is usually fair to good. 

The A, horizon varies from a granular, black, silty clay loam to a clay 
loam, and has an average depth of about 8 inches. The A, horizon extends to 
a depth of about 16 or 17 inches and is a plastic, black clay loam. The B 
horizon is a plastic, compact, mottled, drabbish yellow to drab clay loam. The 
thickness of the upper subsoil is about 28 or 30 inches. Below this, the texture 
of the subsoil is variable on account of the varying depth to the drift, which 
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is a calcareous, sandy to silty clay or clay loam, drab or gray in color, and strongly 
stained with brownish red iron concretions. 

Management.—Black Clay Loam is a potentially productive soil and no 
treatment other than the regular plowing down of a leguminous green manure 
is advised. An account of field experiments on this type as represented by 
the Hartsburg field will be found on page 56. 


Brown Silt Loam On Tight Clay (1028.1, 1228.1) 


Brown Silt Loam On Tight Clay occupies only about four-fifths of a square 
mile in the county. It is found only in two localities; namely, Sections 15 
and 16, Township 34 North, Range 13 East, and Section 2, Township 32 North, 
Range 10 East. The flat topography of the type, together with its impervious 
clay subsoil, causes drainage to be poor. These areas were formerly small lake 
basins. 

The A, horizon, which is about 8 inches in thicknéss, is a light to medium 
brown silt loam. The A, horizon, extending to a depth of about 14 or 15 inches, 
varies from a light brown to yellowish brown silt loam to silty clay loam. The 
B horizon is a plastic, sticky, very compact, drabbish yellow to yellow clay, 
which grades into a gray clay stained with red to brown iron concretions. The 
C horizon is found at a depth of about 36 inches and varies from a slightly 
compact, grayish yellow to yellow clay loam. 

Management.—Drainage is the chief problem in the management of this 
type. If tile are laid, the laterals should be about 4 rods apart. Difficulty will 
be encountered in getting an outlet because of the topographic position of the 
type. The soil is medium acid and requires about 2 tons of limestone an acre 
to grow sweet clover. 


Brown Silt Loam On Rock (1026.5) 


Brown Silt Loam On Rock, as a soil, is of little agricultural value aside 
from its value as permanent pasture. The underlying rock is limestone. Most 
of the areas are found in the vicinity of Joliet along DesPlaines river where 
the limestone outcrops occur. Since the bed rock is near the surface, very 
little soil material occurs and the horizons have not been very definitely developed. 
The type covers a total area of 2.21 square miles.. 

The A, horizon extends to a depth of 7 to 15 inches and is a brown to dark 
brown silt loam, well supplied with organic matter. This changes into a rather 
heavy, silty clay loam directly above the limestone. This layer is only a few 
inches in thickness. The limestone is often found disintegrated into finely 
divided material to a depth of 2 or 3 inches. . 

Management.—This type should be left in permanent pasture unless used 
as a source of limestone for commercial and agricultural purposes. 


Brown Sandy Loam (1060, 1260) 


_ Brown Sandy Loam, Upland, is of minor importance. It occurs as seatter- 
ing areas in the Brown Silt Loam region, north of the Kankakee river terrace. 
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These areas are formed from sand material blown by the wind from the ter- 
races onto the upland. Very little horizon development is found, as these areas 
are of late origin. The type occupies a total of only 77 acres. 

The surface soil, extending to about 4 inches in depth, is a brown sandy 
loam. Below this the soil is an incoherent mass of brownish yellow to yellow 
sand. 


Management.—The organic-matter content of this type is low. Legumes 
should be grown to correct this deficiency after about 2 tons of limestone an 
acre have been applied to counteract the slight acidity which occurs. The re- 
sults from the Oquawka experiment field, page 59, may be studied to advantage 
in connection with the management of this type. 


UPLAND TIMBER SOILS 


The upland timber soils of Will county include three types, which cover 
in total an area of 69.10 square miles, or 8.28 percent of the area of the county. 
They comprize the irregular zones or belts of light-colored soils along the 
streams and on the moraines in the eastern part of the county. 

These soils are characterized by their yellowish gray color due to the low 
organic-matter content, which is the result of long-continued growth of timber. 
After the forests invaded the prairies, two conditions were produced: the 
shade from the trees prevented the growth of prairie grasses, the roots of which 
are mainly responsible for the organic-matter content; and the trees themselves 
added very little to the soil, for the leaves and other debris either decayed com- 
pletely or were burned by forest fires. Moreover, the organic matter that 
probably had accumulated prior to the forest invasion was dissipated during 
the occupation of the land by the trees. 


Yellow-Gray Silt Loam (1034, 1234) 


Yellow-Gray Silt Loam, Upland, occurs chiefly in the vicinity of DesPlaines 
river and its tributaries and in the eastern part of the county. The type oc- 
cupies 61.92 square miles, or 7.42 percent of the total area of the county. In 
topography it varies from undulating to rolling, having a knob-and-basin char- 
acter where it occurs adjacent to Cook county. Surface drainage is well estab- 
lished and care must be exercised to reduce erosion to a minimum on the slopes. 
Very little standing timber is found on this type. 

The A, horizon, which is about 7 inches deep, varies from a brownish 
yellow to a grayish yellow silt loam. The A, horizon, extending to about 14 
inches in depth, is a mottled, grayish yellow silt loam. The B horizon is a 
slightly plastic, compact, mottled yellow, silty clay loam, slightly stained with 
red iron concretions. The C horizon, starting at a depth of about 24 inches, is 
a friable, pale yellow or reddish yellow, gravelly, silty clay loam which 
effervesces in contact with acid at a depth of about 26 inches. 

Management.—Yellow-Gray Silt Loam is deficient in organic matter and 
nitrogen. Many of the slopes occupied by this type will grow alfalfa and sweet 
elover without limestone but the more level areas require ayn application of 2 
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to 3 tons an acre. Particular attention should be given to the regular plowing 
down of a leguminous green manure and many of the slopes must be farmed 
with care to prevent serious erosion. 

Results secured on the Antioch field, which is located on soil similar to this 
type, indicate that some form of phosphate can be used with profit. Bone meal 
has demonstrated for many years a highly beneficial effect. Recent experiments 
indicate that rock phosphate will produce a similar effect. For further discussion 
of these experiments, see page 57. 


Yellow-Silt Loam (1035, 1235) 


Yellow Silt Loam is an unimportant type in Will county because of its 
small acreage. There are only 6.96 square miles in the entire county. The 
character of the type varies greatly, owing to differences in the rate of erosion 
caused chiefly by differences in the slopes. 

The surface soil is usually a yellow or grayish yellow silt loam. It may 
be a yellow clay or even gravelly glacial drift, depending on the amount of 
erosion. Where the areas have been left in permanent pasture, there is an 
accumulation of a thin, dark-colored surface soil. The subsoil varies as does 
- the surface but generally consists of a compact gravelly drift which effervesces 
with acid. 

Management.—It is advised that the Yellow Silt Loam be left in perma- 
nent pasture for the most part. The less steep slopes may be successfully 
farmed if care is used to reduce erosion. If this type is farmed, however, par- 
ticular attention must be given to plowing down green manures and crop resi- 
dues at frequent intervals. 


Dune Sand (1081) 


Dune Sand, Upland, is a minor type in importance. It occupies, all told, 
only 141 acres in Will county. Nearly all the areas occur in Wesley township 
(Township 32 North, Range 10 East) and have been formed by the sand hav- 
ing been blown out of the Kankakee terrace and deposited upon the upland. 

The surface, to a depth of 2 or 3 inches, is a brownish yellow sand or sandy 
loam. Below this shallow surface, an incoherent yellow sand occurs without 
change to the depth of the sand deposit, except for occasional thin layers or 
bands of silty to clayey material of wind-blown origin. 

Management.—This unimportant type is poor agricultural soil. It has 
a low water-holding capacity, hence is drouthy, and is low in nitrogen and or- 
ganic matter as well as in the other elements of plant food. It is suggested 
that anyone interested in the management of this type study the results from 
the Oquawka experiment field (see page 59) and also write to the Agricultural 
Experiment Station for further information. 


TERRACE SOILS 


There are two main terraces in Will county, the DesPlaines river terrace 
and the Kankakee river terrace. These bench-like formations were built up by 
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deposits from the sediment-laden streams during the time when immense vol- 
umes of water were coming from the melting glaciers. The swift current car- 
ried large boulders and much coarse sediment, which were later more or less 
buried by finer material. 


Brown Silt Loam Over Gravel (1527) 


Brown Silt Loam Over Gravel occurs along DuPage river and north of 
Wilmington, adjacent to Kankakee and DesPlaines rivers. The areas along 
DuPage river have numerous boulders scattered over the surface, many of which 
have been gathered up and placed in the fence rows. The topography of the type 
varies from flat to undulating. Drainage is generally well taken care of on 
account of the gravelly substratum that occurs. In the areas north of Wilming- 
ton the drainage is not so good because the gravel layer lies much deeper. The 
total area of this type is 29.19 square miles, or 3.5 percent of the area of the 
county. 

The A, horizon, which is about 8 inches in depth, varies in color from a 
light brown to dark brown or black, and in texture from a sandy silt loam to a 
heavy silt loam. The A, horizon, extending to a depth of 15 or 16 inches, varies 
from a yellowish brown to a light brown silt loam. The B horizon, usually yellow 
in color, varies from a friable to a slightly compact, silty clay or clay loam, with 
a mixture of some sand. At a depth of 28 or 30 inches yellow sandy loam occurs. 
Sandy, gravelly material usually occurs at a depth varying from 33 to 45 inches. 
Often this gravelly substratum is caleareous. 

Management.—Brown Silt Loam Over Gravel is a productive soil, well 
adapted to the growth of any of the crops common to the region. It varies in 
acidity but ordinarily does not need more than 2 tons of limestone an acre to 
grow sweet clover. It is excellent alfalfa land. The reader is refererd to the 
discussion of Brown Silt Loam, Upland, page 15, for suggestions regarding 
the management of this terrace type. 


Brown Sandy Loam (1560) 


Brown Sandy Loam, Terrace, occurs principally in the southwestern corner 
of the county, in the large terrace area formed by the Glacial Kankakee river. 
The type covers 46.26 square miles, or 5.54 percent of the area of the county. Its 
topography varies from flat to undulating, the undulations being caused by the 
wind having blown the sand into ridges. Drainage is poor to fair, owing to the 
tendency of the open ditches and tile to fill with sand and also to the high water 
table which exists, 

The A, horizon, with an average depth of 7 inches, varies from a light brown 
to a medium brown sandy loam. The A, horizon which extends to about 15 inches 
in depth, is a yellowish brown sandy loam or a yellow sand. In some of the low- 
lying areas this horizon occurs as a coarse-grained gray sand. The B horizon — 
varies from a yellow silty sandy loam to a yellow sand. Along Horse creek 
the sand is deposited upon a gravelly material which occurs at a depth of 28 
to 40 inches below the surface. 
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Management.—Brown Sandy Loam, Terrace, as it occurs in Will county, is 
not a desirable general farming soil. Its drouthy nature, the difficulty of secur- 
ing proper drainage, and its low content of the elements of plant food are the 
chief reasons for its relatively low agricultural value. An application of 2 to 3 
tons of limestone an acre is needed to grow sweet clover. The only specific 
recommendations which can be made at the present time for the management of 
this type are that limestone be applied, sweet clover be seeded for pasture and 
for green manure, and early maturing crops be grown. 


Brown Silt Loam On Gravel (1526.4) 


Brown Silt Loam On Gravel occurs mainly on the terrace formation in the 
vicinity of the towns of Plainfield and Channahon. The topography of the type 
is flat to undulating. The stratified, calcareous, sandy, and gravelly terrace 
material underlying the soil varies from a few feet to 50 or more in thickness. 
To the south of Plainfield an area occurs that has only a thin stratum of gravel 
deposited upon a limestone bed. The type occupies 18.29 square miles; or 2.19 
percent of the area of the county. 

The A, horizon is about 6 inches in depth and varies from a light brown to 
a medium brown silt loam. The A, horizon, averaging from 10 to 20 inches in 
thickness, is a light brown to a yellowish brown silt loam, becoming somewhat 
sandy toward the bottom of the horizon. 

Management.—Brown Silt Loam On Gravel is drouthy because of the near- 
ness of the underlying gravel to the surface. It is slightly acid and requires a 
light application of limestone for sweet clover or alfalfa. Early maturing crops 
should be grown on this land to escape the drouth. Alfalfa does well because 
of its deep-rooting habit. 


Brown Sandy Loam On Gravel (1560.4) 


Brown Sandy Loam On Gravel occurs as scattering areas in the three main 
river basins, the largest of which is south of Kankakee river at Lorenzo. The 
type occupies a total area of 1,056 acres. Its topography is undulating. Drain- 
age is excessive on account of the gravelly substratum. The depth to the gravel 
bed. varies from 16 to 29 inches below the surface. In certain restricted areas 
the gravelly substratum contains numerous stones varying from 4 or 5 inches 
to 10 or 12 inches in diameter. 

The A, horizon about 5 inches in depth, is a sandy loam varying in color 
from light brown to medium brown. The A, horizon, which varies in thickness, 
is a coarse-grained, yellowish brown sandy loam resting on the gravel bed at 
an average depth of about 20 inches. 

Management.—This type is drouthy because of the nearness of the gravel 
to the surface. Harly maturing crops should be grown to avoid so far as possible 
the effects of this condition. The type is low in organic matter, and it is recom- 
mended that legumes be grown to correct this deficiency. A light application 
of limestone is probably needed for sweet clover or alfalfa, tho the gravel sub- 
stratum is high in carbonates. 
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Brown Silt Loam On Rock (1526.5) 


Brown Silt Loam On Rock (Limestone) occurs principally on the borders 
of the DesPlaines river valley. The three main areas are found, in the vicinity 
of Joliet, between Kankakee and DesPlaines rivers at Drummond, and along 
DuPage river south of Plainfield. The topography of the type where the lime- 
stone occurs near the surface is flat to undulating; where the limestone is deeper, 
it becomes gently rolling. Drainage is usually poor on account of the irregu- 
larity of the contour of the limestone surface and the impossibility of construct- 
ing ditches. The type occupies 17.11 square miles, or 2.05 percent of the areas 
of the county. 

The A, horizon is a medium to dark brown silt loam of a sandy phase and 
is about 4 or 5 inches in depth. The A, horizon is a silt loam varying from 6 
to 20 inches in depth and from light brown to yellow in color. It is compact and 
sandy in texture just above the limestone which has weathered to a depth of 2 
or 3 inches. 

M anagement.—Brown Silt Loam On Rock is, for the most part, adapted only 
to permanent pasture. The depth to bed rock varies and where it approaches 
30 inches, general farming may be carried on successfully, tho proper drainage 
is difficult to secure because of the basin-like formation of the bed rock. The 
soil is not acid, or only very slightly so. 


Dune Sand (1581) 


Dune Sand, Terrace, occurs in the southwestern corner of the county. The 
dunes vary from a foot or two to as much as 30 feet in height. Blowouts are 
common thruout the type. Dune Sand, Terrace, occupies a total of 7.16 square 
miles in Will county. 

The surface two or three inches of soil is a yellow to brownish yellow sand. 
Below this shallow surface an incoherent yellow sand occurs to the full depth 
of the deposit. 

Management.—Dune Sand, Terrace, as it occurs in Will county, is of higher 
agricultural value than is common for the type because of its finer texture. It 
contains more or less fine sand with an appreciable amount of silt. It is, how- 
ever, very deficient in nitrogen and organic matter, and most of the areas of 
the type are acid. Good sweet clover and alfalfa can be grown on this soil fol- 
lowing the application of about 3 tons of limestone an acre, and very satisfactory 
erain crops can be grown following the above legumes. This land should be 
cropped in a short rotation in order that frequent additions of nitrogenous or- 
ganic matter may be made by plowing down clover, preferably sweet clover. The 
reader is referred to the results from the Oquawka experiment field, page 59, 
for further suggestions regarding the management of this type. 


Yellow-Gray Silt Loam On Gravel (1534.4) 


Yellow-Gray Silt Loam On Gravel occupies small, scattering areas thruout 
the terraces of the county, with the most. extensive areas near Plainfield on 
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DuPage river. It covers a total of 2.36 square miles. The type is undulating 
in topography. 

The A, horizon, averaging about 6-inches in depth, is a silt loam, floury 
in texture, and brownish yellow to grayish yellow in color. The A, horizon ex: 
tends to about 11 inches and is a grayish yellow silt loam. The B horizon is a 
compact, mottled, yellow silt loam, changing to a layer of compact, sticky, yel- 
lowish red clay about 2 to 3 inches in thickness directly above the stratified bed 
of caleareous gravel. The depth to the gravel varies from 17 to 22 inches. 

Management.—yY ellow-Gray Silt Loam On Gravel is low in organic matter, 
usually slightly acid in the surface, and subject to drouth. It is a good soil for 
alfalfa and sweet clover following the application of about 2 tons of limestone 
an acre. The selection of early-maturing crops helps to avoid the bad effects 
of dry weather to which crops growing on this land are sensitive. 


Yellow-Gray Silt Loam Over Gravel (1536) 


Yellow-Gray Silt Loam Over Gravel comprizes 1.94 square miles of the area 
of the county. The type occurs in small areas, nearly all of them being located 
north of Kankakee river and along DuPage river. The topography of the type 
is undulating and the underdrainage is good. 

The A, horizon is about 6 inches in depth and varies from a brownish yellow 
to grayish yellow silt loam. The A, horizon, extending to about 14 inches, is a 
grayish yellow silt loam with an appreciable amount of sand present. The B 
horizon is a compact, mottled, yellow silt loam, which extends to a depth of about, 
26 inches. The C horizon is a friable, yellow, sandy silt loam which rests on 
stratified sand and gravel at a depth of 32 to 45 inches. 

Management.—Yellow-Gray Silt Loam Over Gravel is similar to the pre- 
ceding type excepting that it is not drouthy. It is a fairly good general farm- 
ing soil and will produce satisfactory crops following the application of suffi- 
cient limestone to grow the clovers and the plowing down of fresh organic mat- 
ter, preferably sweet clover. 


Yellow-Gray Sandy Loam Over Gravel (1567) 


Most of the areas of Yellow-Gray Sandy Loam Over Gravel are located north 
of Kankakee river, south of Wilmington. Some of these areas are dune-like in 
formation, making it difficult to separate consistently this type from Dune Sand. 
The topography of the type is undulating to gently rolling. . It covers an area 
of 2.32 square miles. Drainage is good on account of the porous condition of 
the sand and gravel stratum. 

The A, horizon, which is about 6 inches in depth, is a yellowish gray sandy 
loam. The A, horizon, extending to about 14 inches, is a grayish yellow sandy 
loam. The B horizon is a coarse-grained yellow sand, becoming slightly compact 
at about 32 inches owing to the presence of some clayey material. The depth 
to the gravelly substratum varies from 45 to 50 inches. 
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Management.—This type requires approximately the same treatment as Yel- 
low-Gray Silt Loam Over Gravel. It is, however, a poorer soil and will not re- 
spond so satisfactorily to good treatment and management. 


‘Black Sandy Loam (1561) 


Black Sandy Loam occurs in the sandy area south of Kankakee river. The 
type occupies a total area of 5.58 square miles. In topography it is flat and the 
drainage is only fair. 

The A, horizon, which is about 10 inches in depth, is a black sandy loam. 
The A, horizon, to a depth of 28 inches, is a yellow sand. The B horizon is a 
yellow sandy clay or a grayish yellow sand. 

Management.—Black Sandy Loam, even tho very dark in color, is deficient 
in easily decomposable organic matter. It contains many alkali spots and is very 
generally in need of improved drainage. The harmful effects of the alkali may be 
overcome by the application of potash salts at the rate of about 100 pounds an 
acre for corn. 


Brown Sandy Loam Over Gravel (1566) 


Brown Sandy Loam Over Gravel occupies a total area of 4.34 square miles. 
The type is located north of Kankakee river in the vicinity of Wilmington. The 
topography is undulating. Drainage is good, owing to the presence of the 
gravelly substratum. 

The A, horizon is about 8 inches in depth and is a brown sandy loam. The 
A, horizon, extending to about 17 inches, varies from a grayish brown or light 
brown to a yellowish brown sandy loam. The B horizon, which extends to a 
depth of about 27 inches is a medium-grained, somewhat compact, yellow sand 
with some clay present. Below this depth there is a coarse-grained yellow sand 
with an admixture of fine. gravelly material occuring at 34 to 38 inches, under- 
neath which caleareous, stratified sand and gravel are found. 

Management.—Brown Sandy Loam Over Gravel is not markedly deficient 
in organic matter, tho regular additions are needed to keep a supply of readily 
decaying material present. The surface soil is somewhat acid. About 2 tons 
of limestone an acre is needed for sweet clover or alfalfa. This is a good soil 
for truck farming. 


Brown Clay Loam (1519) 


Brown Clay Loam occurs south of Drummond, occupying a total area of 
less than a mile and a quarter. The drainage of these areas is insufficient because 
the topography is flat and also because of the difficulty in getting proper outlets. 

The A, horizon is a brown to black clay loam about 7 inches in depth. The 
A, horizon, extending to about 17 inches in depth, is a plastic, compact, drab 
clay loam. The B horizon is a very sticky, compact, drab clay, becoming at 30 
inches slightly lighter in color, more compact, and spotted with yellow and red 
iron concretions. : B 
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Management.—Brown Clay Loam can best be utilized, at least for the pres- 
ent, aS permanent pasture. 


Yellow-Gray Silt Loam On Rock (1534.5) 


Yellow-Gray Silt Loam On Rock is a type of minor importance, as it occu- 
pies a total area of only 13 acres. The depth to limestone varies from 8 to 15 or 
16 inches. Since the limestone is so near the surface, the type is of no agricul- 
tural value aside from permanent pasture. 


Black Clay Loam (1520) 


Black Clay Loam, Terrace, occupies 1.67 square miles, or .2 percent of the 
area of the county. It is found principally in the DuPage river terrace, where 
it is associated with Brown Silt Loam. The topography is flat. Most of the 
areas have been formed under fair drainage conditions. 

The A, horizon, which is about 7 inches in depth, varies from a black silty 
clay loam to clay loam. The A, horizon, which extends to about 18 inches, is a 
heavy, plastic, compact, black clay to clay loam. The B horizon is a black to 
drab clay loam, spotted with yellowish brown iron concretions. 

Management.—tThis type does not need limestone. The B horizon is usually 
slightly calcareous. The important requirements in the management of this type 


are the improvement of the drainage on areas which are not now well drained, 


and some provision for returning fresh organic matter as a means of maintain- 
ing a condition of good tilth. 


Gravelly Loam (1590) 


Gravelly Loam occupies a total area of only 32 acres in Will county. It is 
found on the slopes from one terrace level to another. The type is non-agricul- 
tural. Some of the material is used for road construction. Bluegrass pasture 
and sweet clover do fairly well on this type except in seasons of extreme drouth. 


Stony Brown Silt Loam On Rock (Boulders) (1597.5) 


Stony Brown Silt Loam On Rock covers an area of 3.17 square miles. The 
type is non-agricultural aside from some little use as pasture. Numerous bould- 
ers, varying from 10 inches to 2 or 3 feet in diameter, are scattered over the 
surface and thruout the soil mass. These boulders, probably of Canadian origin, 
consist of granites, sandstones, serpentine basalts, and limestone. Niagara lime- 
stone bed rock underlies the entire area. Drainage is poor on account of the 
fairly flat topography and the impracticability of constructing outlets thru the 
boulders and limestone bed rock. 

The A, horizon is about 4 or 5 inches in depth and is a dark brown silt 
loam. The organic-matter content is usually high. The A, horizon may vary 
from 3 to 15 inches in depth, depending on the number of boulders present. It 


rests on limestone bed rock. It is slightly darker in color and heavier in texture 


than the surface. 
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Management.—The numerous boulders present make it impossible to use 
this type for any purpose other than pasture. 


LATE SWAMP AND BOTTOM-LAND SOILS 


In the group designated as Late Swamp and Bottom-Land Soils are included 
the bottom lands or flood plains along streams, the swamps, and the poorly 
drained lowlands. Much of the soil is of alluvial formation and the land is sub- 
ject to overflow. Some of the soils included in this group are capable of better 
drainage and if drained would become good farming land; others cannot, at 
least for the present, be economically drained. 


Mixed Loam (1454) 


Mixed Loam is found along the small streams in both the timber and prairie 
areas where the conditions have been such as to allow much mixing of the ma- 
terial deposited. This type cannot be adequately described because of its varia- 
tions. It is mapped as Mixed Loam because it consists of a mixture of various 
soil types, which cannot be consistently separated; moreover, the next flood may 
cause a complete change in its character. The type covers 19.56 square miles, 
or 2.34 percent of the area of the county. 

The A, horizon varies in general from a brown to yellowish brown or yellow- 
ish gray silt loam or sandy loam. 

Management.—Much of this type is subject to overflow, and for this reason 
can be best utilized as permanent pasture. The frequent overflows maintain 
the soil in a sweet condition and leave much sediment which is rich in the ele- 
ments of plant food. 


Brown Silt Loam (1426) 


Brown Silt Loam, Bottom Land, occurs as overflow land along small streams 
in the prairie and also along DuPage river. However, it is overflowed little dur- 
ing the growing season. It occupies 2.38 squares miles, or .28 percent of the area 
of the county. 

The A, horizon, extending to about 12 inches in depth, is a brown silt loam. 
The A, horizon,which extends to a depth of about 22 inches, is a light brown to 
medium brown silt loam. Below this the material is a friable, yellowish brown 
to yellow silt loam, changing at about 30 inches to a slightly compact, grayish 
yellow silt loam or yellowish silty clay loam. 

Management.—The areas which are subject to overflow during the growing 
season should be left in permanent pasture. This type is rarely acid and it is 
constantly enriched by fresh soil material deposited after heavy rains. 


Mixed Loam On Rock (1454.5) 
Mixed Loam On Rock has no agricultural value other than for grazing pur- 
poses. Nearly all of this type is located along DesPlaines river north of Joliet. 
It is a low, flat, poorly drained region, which is more or less covered with water 
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on account of the irregularity of the rock surface and the shallow channel thru 
which DesPlaines river flows, permitting the river to spread freely over the en- 
tire lowlands. The type.covers an area of 9.14 square miles. 

Since the limestone is so near the surface, very little soil development has 
taken place. The surface soil, varying in depth from 4 to 9 or 10 inches, is brown 
to black in color and varies from a silt loam to a silty clay loam or mixed sandy 
loam. The soil directly above the limestone is usually darker in color and 
heavier in texture than at the surface. The soil material isin a more or less 
water-logged condition the year round. 


Management.—The only use which can be made of this land is to leave it 
in pasture and, wherever possible, to turn the stock in for grazing. 


Black Mixed Sandy Loam On Rock (1463) 


Black Mixed Sandy Loam On Rock is one of the minor types in the swampy 
regions of the county, occupying only 2.66 square miles. It occurs as poorly 
drained areas in depressions in the limestone beds and in old channels in the 
DesPlaines and DuPage river terraces. With limestone near the surface and 
numerous boulders scattered over the surface, it is impossible economically to 
improve the drainage. 

The A, horizon varies from brownish black to black in color and from a 
peaty loam to a sandy loam in texture. It is about 6 inches in depth. The soil 
material below the surface is variable in depth depending on the boulders pres- 
ent and the nearness of the limestone to the surface. It is, however, usually a 
slightly plastic, fairly compact, drabbish gray to grayish yellow clay. 

Management.—This type has no agricultural value other than for grazing. 


Black Mixed Loam On Clay (1450.1) 


Black Mixed Loam On Clay is found in Township 33 North, Range 15 East, 
in the region known as Eagle Lake. It is probably a lacustrine deposit. Formerly 
the area was poorly drained because there was no outlet, but within recent years 
a channel has been cut thru the upland which gives sufficient drainage to the 
old lake bed. The type, as mapped, is so variable that a definite profile descrip- 
tion cannot be written. 

The A, horizon is about 8 inches in depth and varies from a brownish black 
peaty loam to a brown or black sandy loam, with a mixture of clay, silt, and 
gravelly material consisting of shale and sandstone. The area was formerly 
covered by a deposit of peat or muck which has been burned off. The A, horizon 
is, in general, a compact clay, varying in color from light gray to gray or drab- 
bish blue.to drab. It extends at least to 40 or 45 inches in depth. Layers of 
shale and a poor grade of coal 2 to 3 inches in thickness are found at a depth 
of 3 to 5 feet below the surface. 

Management.—No limestone is required on this type. Drainage has been 
fairly well established. Small grains produce fair yields and truck gardening 
is being practiced on part of the area with varied success. 
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Black Mixed Loam (1450) 


Black Mixed Loam occupies the swampy, poorly drained areas in the upland 
as well as in the terraces. The individual areas of this‘type are all small. The 
type occupies a total area of 5.16 square miles. 

The A, horizon, extending to a depth of about 7 inches, varies from dark 
brown to black in color and from a peaty loam, sandy in texture, to a silt or 
clay loam. The A, horizon, which extends to 17 or 18 inches in depth, is a 
slightly plastic, compact, silty clay or clay loam, brown to black in color. The 
B horizon is a plastic, compact, gray to drab clay loam, spotted and stained 
with rusty red iron concretions. 

Management.—Drainage is the first requirement in managing this type. 
Outlets are difficult to secure. In some areas alkali is present and they should 
be treated with potash salts and with applications of strawy manure if the 
land is farmed. At the present time this type is utilized almost exclusively 
for pasture. ; 


: Deep Peat (1401) 


Deep Peat occupies only 2.06 square miles in the county and occurs in small 
areas. The two largest areas are found in DuPage and Washington townships 
(Townships 37 North, Range 10 East, and 33 North, Range 15 East). 

The surface 6 or 8 inches is a well-disintegrated black peat, with no 
fibrous material remaining. Immediately below this surface layer, a brown, 
fibrous peat occurs, ranging from 35 or 40 inches .to 6 or 7 feet in depth. The 
peat rests on a drab to black clay. Drainage has been provided in certain areas 
of this type by laying boards in the ditches and placing the tile upon the boards 
so as to keep the tile in alignment. 

Management.—Nearly all the areas of peat are properly drained and are 
under cultivation. Peat is usually deficient in potassium and this deficiency 
ean be corrected by the application of one of the potash salts at the rate of 
about 100 pounds an acre. (See results from the Manito field, page 60.) 


Medium Peat On Clay (1402) 


Medium Peat On Clay occupies a total of only 64 acres in Will county. 
The type occurs in the vicinity of the Deep Peat areas and in some of the kettle 
holes in the morainie region. 

The surface, extending to a depth of 6 or 8 inches, is a well-decomposed — 
peat, brown to black in color. Below this depth undecomposed brown peat oc- 
curs which rests on a somewhat sticky, compact, drab silty clay or clay. 


Management.—Nearly all the areas of the type have a slightly alkaline re- 
action. The subsoil is of such nature that open ditches can be constructed and 
maintained. Practically all the Medium Peat On Clay is under cultivation. In 
areas where the alkali is sufficiently concentrated to be harmful, its bad effects 
can be corrected as was recommended above for Black Mixed Loam. ‘| 
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Peaty Loam (1410) 


The only area of Peaty Loam in Will county is located in Township 32 
North, Range 9 Hast, Section 22. It covers an area of 71 acres. The type is 
high in organic matter and nitrogen. The drainage of this area is only fair 
because of the flat topography and poor outlet. 

The surface 6 or 7 inches varies from a well-disintegrated peaty loam, 
black in color, to a black sandy loam rich in organic matter. Below this depth 
a black sandy loam occurs; the sand particles themselves are white. At about 
16 to 18 inches an incoherent mass of gray sand occurs. 


Management.—Proper drainage is the first problem to consider in improving 
this type. Alkali is present and the potash treatment, as recommended for Black 
Mixed Loam, page 28, is the remedy to employ for this difficulty. It should not 
be applied, however, until after the poor drainage has been corrected. 


Medium Peat On Rock (1402.5) 


Medium Peat On Rock occurs in areas of Mixed Loam On Rock (1454.5) 
along DesPlaines river. The type occupies only 32 acres. The deposits oceur 
as poorly drained areas in the depressions of the limestone bed rock and are 
subject to continued seepage of drainage water. Many hummocks occur in the 
areas. The drainage is very poor. 

This material varies from a partially decomposed, fibrous, black peat to a 
black muck, which extends to a depth of 6 to 14 inches, depending on the con- 
tour of the limestone rock. This type has no agricultural value other than as 
pasture. 


RESIDUAL SOILS (099) 


Numerous limestone outcrops, mapped as Residual Soils, oceur in Will 
county. There are eight quarries with shipping facilities in the vicinity of 
Joliet. The stone occurring in this region is dolomitic and is, for the most 
‘part, of high purity. In addition to the quarries with shipping facilities, there 
are a number of local quarries and numerous outcrops, particularly along the 
DesPlaines river valley, which may serve as a source of agricultural limestone. 

Information regarding the composition of the stone from most of these 
quarries and for many of the outcrops can be secured from the State Geological 
Survey, Urbana, Illinois, or from the Agricultural Experiment Station. 


APPENDIX 


EXPLANATIONS FOR INTERPRETING THE SOIL SURVEY 
CLASSIFICATION OF SOILS 


In order to interpret the soil map intelligently, the reader must understand 
something of the method of soil classification upon which the survey is based. 
Without going far into details the following paragraphs are intended to furnish 
a brief explanation of the general plan of classification used. 

The soil type is the unit of classification. Each type has definite charac- 
teristics upon which its separation from other types is based. These character- 
istics are inherent in the strata, or ‘‘horizons,’’ which constitute the soil profile 
in all mature soils. Among them may be mentioned color, structure, texture, 
and chemical composition. Other items which may assist.in the differentiation 
of types, but which are not fundamental to it, are native vegetation (whether 
timber or prairie), topography, and geological origin and formation. 

Since some of the terms used in designating the factors which are taken 
into account in establishing soil types are technical in nature, the following defi- 
nitions are introduced: 


Horizon. A layer or stratum of soil which differs discernibly from those adjacent in 
color, texture, structure, chemical composition, or a combination of these characteristics, is 
called an horizon. In describing a matured soil, three horizons designated as A, B, and © 
are usually considered. 

A designates the upper horizon and, as developed under the conditions of a humid, tem- 
perate climate, represents the layer of extraction or eluviation; that is to say, material in 
solution or in suspension has passed out of this zone thru the processes of weathering. 

B represents the layer of concentration or illuviation; that is, the layer developed as a 
result of the accumulation of material thru the downward movement of water from the A 
horizon. 

C designates the layer lying below the B horizon and in which the material has been less 
affected by the weathering processes. 

Frequently differences within these strata or zones are discernible, in which case they 
are subdivided and described under such designations as A,, and A;, B,, and Bz, ete. 

Soil Profile. The soil section as a whole is spoken of as the soil profile. 

Depth and Thickness. The horizons or layers which make up the soil profile vary in 
depth and thickness. These variations are distinguishing features in the separation of soils 
into types. 

Physical Composition. The physical composition, sometimes referred to as ‘‘texture,’’ 
is a most important feature in characterizing a soil. The texture depends upon the rela- 
tive proportions of the following physical constituents: clay, silt, fine sand, sand, gravel, 
stones, and organic material. 

Structure. The term ‘‘structure’’ has reference to the aggregation of particles within 
the soil mass and earries such qualifying terms as open, granular, compact, columnar, 
laminated. 

Organic-Matter Content. The organic matter of soil is derived largely from plant 
tissue and it exists in a more or less advanced stage of decomposition. Orfanie matter 
forms the predominating constituent in certain soils of swampy formation. 

Color. Color is determined to a large extent by the proportion of organic matter, but 
at the same time it is modified by the mineral constituents, especially by iron compounds. 

Reaction. The term ‘‘reaction’’ refers to the chemical state of the soil with respect 
to acid or alkaline condition. It also involves the idea of degree, as strongly acid or 
strongly alkaline. 

Carbonate Content. The carbonate content has reference to the calcium carbonate 
(limestone) present, which in some cases may be associated with magnesium or other car- 
bonates. The depth at which carbonates are found may become a very important factor 
in determining the soil type. - 

Topography. Topography has reference to the lay of the land, as level, rolling, hilly, ete. 
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Native Vegetation. The vegetation or plant growth before being disturbed by man, 
as prairie grasses and forest trees, is a feature frequently recognized in differentiating soil 


types. 

Geological Origin. Geological origin involves the idea of character of rock materials 
composing the soil as well as the method of formation of the soil material. 

Not infrequently areas are encountered in which type characters are not 
distinetly developed or in which they show considerable variation. When these 
variations are considered to have sufficient significance, type separations are 
made whenever the areas involved are sufficiently large. Because of the almost 
infinite variability occurring in soils, one of the exacting tasks of the soil sur- 
veyor is to determine the degree of variation which is allowable for any given 
type. 

Classifying Soil Types —tIn the system of classification used, the types fall 
first into four general groups based upon their geological relationships; namely, 
upland, terrace, swamp and bottom land, and residual. These groups may be 
subdivided into prairie soils and timber soils, altho as a matter of fact this sub- 
division is applied in the main only to the upland group. These. terms are all 
explained in the foregoing part of the report in connection with the description 
of the particular soil types. 

Naming and Numbering Soil Types—tIn the Illinois soil survey a system 
of nomenclature is used which is intended to make the type name convey some 
idea of the nature of the soil. Thus the name ‘‘Yellow-Gray Silt Loam”’ ear- 
ries in itself a more or less definite description of the type. It should not be 
assumed, however, that this system of nomenclature makes it possible to devise 
type names which are adequately descriptive, because the profile of mature soils 
is usually made up of three or more horizons and it is impossible to describe each 
horizon in the type name. The color and texture of the surface soil are usually 
ineluded in the type name and when material such as sand, gravel, or rock lies 
at a depth of less than 30 inches, the fact is indicated by the word ‘‘On,’’ and when 
its depth exceeds 30 inches, by the word ‘‘Over’’; for example, Brown Silt Loam 
On Gravel, and Brown Silt Loam Over Gravel. 

As a further step in systematizing the listing of the soils of Illinois, recog- 
nition is given to the location of the types with respect to the geological areas 
in which they occur. According to a geological survey made many years ago, 
the state has been divided into seventeen areas with respect to geological forma- 
tion and, for the purposes of the soil survey, each of these areas has been assigned 
an index number. The names of the areas together with their general location 
and their corresponding index numbers are given in the following list. 


000 Residual, soils formed in place thru disintegration of rocks, and also rock outcrop 

100 Unglaciated, including three areas, the largest being in the sea end of the state 

200 ‘Illinoisan moraines, including the moraines of the Illinoisan glaciations 

300 Lower Illinoisan glaciation, formerly considered as covering nearly the south third of the 

state 

400 Middle Illinoisan glaciation, covering about a dozen counties in the west-central part 
of the state 

500 Upper Illinoisan glaciation, covering about fourteen counties northwest of the middle 
Tlinoisan glaciation 

600 Pre-Iowan glaciation, but now believed to be part of the upper Illinoisan 

700 Iowan glaciation, lying in the central northern end of the state 
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800 Deep loess areas, including a zone a few miles wide along the Wabash, Illinois, and 
Mississippi rivers 

900 Early Wisconsin moraines, including the moraines of the early Wisconsin glaciation 

1000 Late Wisconsin moraines, including the moraines of the late Wisconsin glaciation 

1100 Early Wisconsin glaciation, covering the greater part of the northeast quarter of the 
state 

1200 Late Wisconsin glaciation, lying in the northeast corner of the state 

1300 Old river-bottom and swamp lands, formed by material derived from the Illinoisan or 
older glaciations 


1400 Late river-bottom and swamp lands, formed by material derived from the Wisconsin and 
Iowan glaciations 


1500 Terraces, bench or second bottom lands, and gravel outwash plains 

1600 Lacustrine deposits, formed by Lake Chicago, the enlarged Glacial Lake Michigan 
Further information regarding these geological areas is given in connection 

with the general map mentioned above and published in Bulletin 123 (1908). 
Another set of index numbers is assigned to the classes of soils as based 

upon physical composition. The following list contains the names of these classes 

with their corresponding index numbers. 


Index ee Limits Class Names 
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As a convenient means of designating types and their location with respect 
to the geological areas of the state, each type is given a number made up of a 
combination of the index numbers explained above. This number indicates the 
type and the geological area in which it occurs. The geological area is always 
indicated by the digits of the order of hundreds while the balance of the number 
designates the type. To illustrate: the number 1126 means Brown Silt Loam 
in the early Wisconsin glaciation, 434 means Yellow-Gray Silt Loam of the mid- 
dle Illinoisan glaciation. These numbers are especially useful in designating 
very small areas on the map and as a check in reading the colors. 

A complete list of the soil types occurring in each county, along with their 
corresponding type numbers and the area covered by each type, will be found 
in the respective county soil reports in connection with the maps. 


SOIL SURVEY METHODS 


Mapping of Soil Types.—In conducting the soil survey, the county consti- 
tutes the unit of working area. The field work is done by parties of two to four 
men each. The field season extends from early in April to Thanksgiving. Dur- 
ing the winter months the men are engaged in preparing a copy of the soil map 
to be sent to the lithographer, a copy for the use of the county farm adviser until 
the printed map is available, and a third copy for use in the office in order to 
preserve the original official map in good condition. _ 5 
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An accurate base map for field use is necessary for soil mapping. . These 
maps are prepared on a scale of one inch to the mile, the official data of the 
original or subsequent land survey being used as the basis in their construction. 
Each surveyor is provided with one of these base maps, which he carries with 
him in the field; and the soil type boundaries, together with the streams, roads, 
railroads, canals, town sites, and rock and gravel quarries are placed in their 
proper location upon the map while the mapper is on the area. With the rapid 
development of road improvement during the past few years, it is almost in- 
evitable that some recently established roads will not appear on the published 
soil map. Similarly, changes in other artificial features will occasionally occur 
in the interim between the preparation of the map and its publication. The 
detail or minimum size of areas which are shown on the map varies somewhat, 
but in general a soil type if less than five acres in extent is not shown. 

A soil auger is carried by each man with which he can examine the soil to 
a depth of 40 inches. An extension for making the auger 80 inches long is taken 
by each party, so that the deeper subsoil may be studied. Each man carries a 
compass to aid in keeping directions. Distances along roads are measured by 
a speedometer or other measuring device, while distances in the field away from 
the roads are measured by pacing. 

Sampling for Analysis——After all the soil types of a county have been 
located and mapped, samples representative of the different types are collected 
for chemical analysis. The samples for this purpose are usually taken in three 
depths; namely, 0 to 624 inches, 624 to 20 inches, and 20 to 40 inches, as explained 
in connection with the discussion of the analytical data on page 6, 
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va PRINCIPLES OF SOIL FERTILITY 


Probably no agricultural fact is more generally known by farmers and land- 


’ owners than that soils differ in productive power. A fact of equal importance, 
not so generally recognized, is that they also differ in other characteristics such 


as response to fertilizer treatment and to management. 

The soil is a dynamic, ever-changing, exceedingly complex substance made 
up of organic and inorganic materials and teeming with life in the form of 
microorganisms. Because of these characteristics, the soil cannot be considered 
as a reservoir into which a given quantity of an element or elements of plant 
food can be poured with the assurance that it will respond with a given increase 
in erop yield. In a similar manner it cannot be expected to respond with per- 
fect uniformity to a given set of management standards. To be productive a soil 
must be in such condition physically with respect to structure and moisture as 
to encourage root development; and in such condition chemically that injurious 
substances are not present in harmful amounts, that a sufficient supply of the 
elements of plant food become available or usable during the growing season, 
and that lime materials are present in sufficient abundance favorable for the 


growth of the higher plants and of the beneficial microorganisms. Good soil 


management under humid conditions involves the adoption of those tillage, crop- 
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ping, and fertilizer treatment methods which will result in profitable and per- 
manent crop production on the soil type concerned. 

The following paragraphs are intended to state in a brief way some of the 
principles of soil management and treatment which are fod to profitable 
and continued productivity. 


CROP REQUIREMENTS WITH RESPECT TO PLANT-FOOD MATERIALS 


Ten of the chemical elements are known to be essential for the growth of 
the higher plants. These are carbon, hydrogen, orygen, nitrogen, phosphorus, 
sulfur, potassium, calcium, magnesium, and iron. Other elements are absorbed 
from the soil by growing plants, including manganese, silicon, sodium, aluminum, 
chlorin, and boron. It is probable that these latter elements are present in 
plants for the mdst part, not because they are required, but because they are 
dissolved in the soil water and the plant has no means of preventing their 
entrance. There is some evidence, however, which indicates that certain of these 
elements, notably manganese, silicon, and boron, may be either essential but 
required in only minute quantities, or very beneficial to plant growth under 
certain conditions, even tho not essential. Thus, for example, manganese has 
produced marked increases in crop yields on heavily limed soils. Sodium also 
has been found eapable of partially replacing potassium in case of a shortage 
of the latter element. 

Table 5 shows the requirements of some of our most common field crops 
with respect to seven important plant-food elements furnished by the soil. The 
figures show the weight in pounds of the various elements contained in a bushel 
or in a ton, as the case may be. From these data the amount of an element re- 
moved from-an acre of land by a erop of a given yield can easily be computed. 


TABLE 5.—PLANtT-Foop ELEMENTS IN CoMMON Farm Crops! 


ree Nitrogen| Phos- Sulfur | Potas- | Magne-| Calcium] Iron 
Kind Amount phorus sium slum 
lbs lbs lbs. lbs. lbs. lbs. lbs. 

Wheat, grain...| 1 bu. 1.42 24 10 .26 .08 .02 .O1 
Wheat straw...| 1 ton 10.00 1.60 2.80 18.00 1.60 3.80 .60 
Corn, grain....} 1 bu. 1.00 ilvg .08 ri .07 OL .O1 
Corn stover....| 1 ton 16.00 2.00 2.42 17.3 Bae 7.00 1.60 
Corn cobs..... 1 ton AlOO: Wt fete || etree 4.00 | oo... cee eee 
Oats, grain..... 1 bu. .66 =A 06 .16 04 02 OL 
Oats straw.....| 1 ton 12.40 2.00 4.14 20.80 2.80 6.00 1.12 
Clover seed....| 1 bu. 1.75 2 DO alk ceed mf) wD pirat Aiaet ey ee 
Clover hay....| 1 ton 40.00 5.00 3.28 30.00 7.75 29.25 1.00 
Soybean seed ..| 1 bu. 3.22 .39 27 1.26 15 a al peeeis te 72 
Soybean hay...} 1 ton 43.40 4.74 5.18 35.48 13.84 feat 0}>, ||| 3 Bae 
Alfalfa hay... .| 1 ton 52.08 4.76 5.96 16.64 8.00 22, S26 ealwtes. 4 + 


1These data are brought together from various sources. Some allowance must be made for the exactness of the - 
figures because samples representing the same kind of crop or the same kind of materia] Bh seat consid- 
erable variation. 
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PLANT-FOOD SUPPLY 


Of the elements of plant food, three (carbon, oxygen, and hydrogen) are 
secured from air and water, and the others from the soil. Nitrogen, one of the 
elements obtained from the soil by all plants, may also be secured from the air 
by the class of plants known as legumes, in case the amount liberated from the 
soil is insufficient; but even these plants, which include only the clovers, peas, 
beans, and vetches among our common agricultural plants, are dependent upon 
the soil for the other six elements (phosphorus, potassium, magnesium, calcium, 
iron, and sulfur), and they also utilize the soil nitrogen so far as it becomes 
soluble and available during their period of growth. 

The vast difference with respect to the supply of these essential plant-food 
elements in different soils is well brought out in the data of the Illinois soil 
survey. For example, it has been found that the nitrogen in the surface 624 
inches, which represents the plowed stratum, varies in amount from 180 pounds 
per acre to more than 35,000 pounds. In like manner the phosphorus content 
varies from about 420 to 4,900 pounds, and the potassium ranges from 1,530 to 
about 58,000 pounds. Similar variations are found in all of the other essential 
plant-food elements of the soil. 

With these facts in mind it is easy to understand how a deficiency of one 
of these elements of plant food may become a limiting factor of crop production. 
When an element becomes so reduced in quantity as to become a limiting factor 
of production, then we must look for some outside source of supply. Table 6 


TaBLe 6.—PLANT-Foop ELEMENTS IN MANURE, RouGH FrxEps, AND FrerriLizErs! 


Pounds of plant food per ton 
of material 


Material 
Nitrogen Phosphorus Potassium » 
MRSS TATION MIANUTE: oc ew A Ot 10 2; 8 
“OSH (STORES As 5 re aie 16 2 17 
UGS. SEREISY 6. Succeed NOR eee 12 2, 21 
Wheat SC I aid icin le» « dooee sv ed aca ws 10 a 18 
lp oti 5 AAS oe eee 40 5 30 
“aT RSE. b> Ae er ee 43 5 33 
Alfalfa ME PRE SUS id Sun chin (ae) s aieleera i 50 4 24 
Soot ae MWARCEITCe: DASIS)?. coc cin ce steels eens 80 8 28 
ACINEOU I hie crs hss cledalalee ase ene as PAA ee oes ee er ee 
Son nish, ME ae ee SOs wh ete eee | ces cans 
EMOMITONS UATE. «1 es vil ee ce ee tee cee ees AOE MAR a? Meant. vleni s 8,2), 
hay ugeautec I 2. Si 80 TSO be es 
Shanty yaya) ices er 20 De ND re, 
LOSER NWOT ISOC) 5) 00 es a ce 25 (Vim tae: Aeon 
PNGYG) (MOSS BSRE), a6 BNI6 Ob Og OE IRC ee (rr (DSM fl ot AS ie 
I ne 850 
See IEMGA LOM ae, instance ai nees| waene |, eevee 850 
Ants eee TS CU Seba. selec | wince | ee ee 200 
Wioodsasnessmeached)).. 2 .....665.screrwowert wees 10 100 


1See footnote to Table 5. 
2Young second-year growth ready to plow under as green manure. 
Wood ashes also contain about 1,000 pounds of lime (calcium carbonate) per ae 
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is presented for the purpose of furnishing information regarding the quantity 
of some of the more important plant-food elements contained in materials most 
commonly used as sources of supply. 


LIBERATION OF PLANT FOOD 


The chemical analysis of the soil gives the invoice of plant-food elements 
actually present in the soil strata sampled and analyzed, but the rate of libera- 
tion is governed by many factors, some of which may be controlled by the farmer, 
while others are largely beyond his control. Chief among the important con- 
trollable factors which influence the liberation of plant food are the choice of 
crops to be grown, the use of limestone, and the incorporation of organic matter. 
Tillage, especially plowing, also has a considerable effect in this connection. 


Feeding Power of Plants—Different species of plants exhibit a very great 
diversity in their ability to obtain plant food directly from the insoluble minerals 
of the soil. As a class, the legumes—especially such biennial and perennial 
legumes as red clover, sweet clover, and alfalfa—are endowed with unusual 
power to assimilate from mineral sources such elements as calcium and phos- 
phorus, converting them into available forms for the crops that follow. For this 
reason it is especially advantageous to employ such legumes in connéction with 
the application of limestone and rock phosphate. Thru their growth and subse- 
quent decay large quantities of the mineral elements are liberated for the benefit 
of the cereal crops which follow in the rotation. Moreover, as an effect of the 
deep-rooting habit of these legumes, mineral plant-food elements are brought up 
and rendered available from the vast reservoirs of the lower subsoil. 


Effect of Limestone.—Limestone corrects the acidity of the soil and supplies 
calcium, thus encouraging the development not only of the nitrogen-gathering 
bacteria which live in the nodules on the roots of clover, cowpeas, and other 
legumes, but also the nitrifying bacteria, which have power to transform the 
unavailable organic nitrogen into available nitrate nitrogen. At the same time, 
the products of this decomposition have power to dissolve the minerals contained 
in the soil, such as potassium and magnesium eompounds. 

Organic Matter and Biological Action—Organic matter may be supplied 
thru animal manures, consisting of the excreta of animals and usually accom- 
panied by more or less stable litter; and by plant manures, including green- 
manure crops and cover crops plowed under, and also crop residues such as stalks, 
straw, and chaff. The rate of decay of organic matter depends largely upon its 
age, condition, and origin, and it may be hastened by tillage. The chemical 
analysis shows correctly the total organic carbon, which constitutes, as a rule, 
but little more than half the organic matter; so that 20,000 pounds of organic 
carbon in the plowed soil of an acre corresponds to nearly 20 tons of organic 
matter. But this organic matter consists largely of the old organic residues that 
have accumulated during the past centuries because they were resistant to decay, 
and 2 tons of clover or cowpeas plowed under may have greater power to liberate 
plant-food materials than 20 tons of old, inactive organic matter. The history of 
the individual farm or field must be depended upon for information concerning 
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recent additions of active organic matter, whether in applications of farm 
manure, in legume crops, or in sods of old pastures. 

The condition of the organic matter of the soil is indicated to some extent 
by the ratio of carbon to nitrogen. Fresh organic matter recently incorporated 
with the soil contains a very much higher proportion of carbon to nitrogen than 
do the old resistant organic residues of the soil. The proportion of carbon to 
nitrogen is higher in the surface soil than in the corresponding subsoil, and in 
general this ratio is wider in highly productive soils well charged with active 
organic matter than in very old, worn soils badly in need of active organic matter. 

The organic matter furnishes food for bacteria, and as it decays certain 
decomposition products are formed, including much carbonic acid, some nitrous 
acid, and various organic acids, and these acting upon the soil have the power to 
dissolve the essential mineral plant foods, thus furnishing available phosphates, 
nitrates, and other salts of potassium, magnesium,, calcium, ete., for the use of 
the growing crop. 

Effect of Tillage.—Tillage, or cultivation, also hastens the liberation of plant- 
food elements by permitting the air to enter the soil. It should be remembered, 
however, that tillage is wholly destructive, in that it adds nothing whatever to 
the soil, but always leaves it poorer, so far as plant-food materials are concerned. 
Tillage should be practiced so far as is necessary to prepare a suitable seed bed 
for root development and also for the purpose of killing weeds, but more than 
this is unnecessary and unprofitable; and it is much better actually to enrich 
the soil by proper applications of limestone, organic matter, and other fertilizing 
materials, and thus promote soil conditions favorable for vigorous plant growth, 
than to depend upon excessive cultivation to accomplish the same object at the 
expense of the soil. 


PERMANENT SOIL IMPROVEMENT 


According to the kind of soil involved, any comprehensive plan contemplat- 
ing a permanent system of agriculture will need to take into account some of the 
following eonsiderations. 


The Application of Limestone 


The Function of Limestone.—In considering the application of limestone 
to land it should be understood that this material functions in several different 
ways, and that a beneficial result may therefore be attributable to quite diverse 
causes. Limestone provides calcium, of which certain crops are strong feeders. 
It corrects acidity of the soil, thus making for some crops a much more favorable 
environment as well as establishing conditions absolutely required for some of 
the beneficial legume bacteria. It accelerates nitrification and nitrogen fixation. 
It promotes sanitation of the soil by inhibiting the growth of certain fungous 
diseases, such as corn-root rot. Experience indicates that it modifies either 
directly or indirectly the physical structure of fine-textured soils, frequently to 
their great improvement. Thus, working in one or more of these different ways, 
limestone often becomes the key to the improvement of worn lands. 
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How to Ascertain the Need for Limestone-—One of the most reliable indica- 
tions as to whether a soil needs limestone is the character of the growth of certain 
legumes, particularly sweet clover and alfalfa. These crops do not thrive in 
acid soils. Their successful growth, therefore, indicates the lack of sufficient 
acidity in the soil to be harmful. In ease of their failure to grow the soil should 
be tested for acidity as described below. A very valuable test for ascertaining 
the need of a soil for limestone is found in the potassium thiocyanate test for 
soil acidity. It is desirable to make the test for carbonates along with the acidity 
test. Limestone is calcium carbonate, while dolomite is the combined carbonates 
of calcium and magnesium. The natural occurrence of these carbonates in the 
soil is sufficient assurance that no limestone is needed, and the acidity test will 
be negative. On lands which have been treated with limestone, however, the 
surface soil may give a positive test for carbonates, owing to the presence of 
undecomposed pieces of limestone, and at the same time a positive test for acidity 
may be secured. Such a result means either that insufficient limestone has been 
added to neutralize the acidity, or that it has not been in the soil long enough 
to entirely correct the acidity. In making these tests, it is desirable to examine 
samples of soil from different depths, since carbonates may be present, even in 
abundance, below a surface stratum that is acid. Following are the directions 


for making the tests: 


The Potassium Thiocyanate Test for Acidity. This test is made with a 4-percent solu- 
tion of potassium thiocyanate in aleohol—4 grams of potassium thiocyanate in 100 cubic 
centimeters of 95-percent alcohol When a small quantity of soil shaken up in a test tube 
with this solution gives a red color the soil is acid and limestone should be applied. If the 
solution remains colorless the soil is not acid. An excess of water interferes with the reac- 
tion. The sample when tested, therefore, should be at least as dry as when the soil is in 
good tillable condition. For a prompt reaction the temperature of the soil and solution 
should be not lower than that of comfortable working conditions (60° to 75° Fahrenheit). 


The Hydrochloric Acid Test for Carbonates. Take a small representative sample of 
soil and pour upon it a few drops of hydrochloric (muriatic) acid, prepared by diluting the 
concentrated acid with an equal volume of water. The presence of limestone or some other 
carbonates will be shown by the appearance of gas bubbles within 2 or 3 minutes, producing 
foaming or effervescence. The absence of carbonates in a soil is not in itself evidence that 
the soil is acid or that limestone should be applied, but it indicates that the confirmatory 
potassium thiocyanate test should be carried out. 


Amounts to Apply.—Acid soils should be treated with limestone whenever 
such application is at all practicable. The initial application varies with the 
degree of acidity and will usually range from 2 to 6 tons an acre. The larger 
amounts will be needed on strongly acid soils, particularly on land being pre- 
pared for alfalfa. When sufficient limestone has been used to establish condi- 
tions favorable to the growth of legumes, no further applications are necessary 
until the acidity again develops to such an extent as to interfere with the best 
growth of these crops. This will ordinarily be at intervals of several years. In 
the case of an inadequate supply of magnesium in the soil, the occasional use 
of magnesian (dolomitic) limestone would serve to correct this deficiency. 
Otherwise, so far as present knowledge indicates, either form of limestone— 


+ Since undenatured alcohol is difficult to obtain, some of the denatured alcohols have been 
tested for making this solution. Completely denatured alcohol made over U. 8. Formulas No. 
1 and No. 4, have been found satisfactory. Some commercial firms are also offering other 
preparations which are satisfactory. 
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high-caleium or magnesian—will be equally effective, depending upon the purity 
and fineness of the respective stones. 

Fineness of Material_—tThe fineness to which limestone is ground is an im- 
portant consideration in its use for soil improvement. Experiments indicate that 
a considerable range in this regard is permissible. Very fine grinding insures 
ready solubility, and thus promptness in action; but the finer the grinding the 
greater is the expense involved. A grinding, therefore, that furnishes not too 
large a proportion of coarser particles along with the finer, similar to that of the 
by-product material on the market, is to be recommended. Altho the exact pro- 
portions of coarse and fine material cannot be prescribed, it may be said that 
a limestone crushed so that the coarsest fragments will pass thru a screen of 4 to 10 
meshes to the inch is satisfactory if the total product is used. 


The Nitrogen Problem 


Nitrogen presents the greatest practical soil problem in American agricul- 
ture. Four important reasons for this are: its increasing deficiency in most 
soils; its cost when purchased on the open market; its removal in large amounts 
by crops; and its loss from soils thru leaching. Nitrogen usually costs from 
four to five times as much per pound as phosphorus. A 100-bushel crop of corn 
requires 150 pounds of nitrogen for its growth, but only 23 pounds of phosphorus. 
The loss of nitrogen from soils may vary from a few pounds to over one hundred 
pounds per acre, depending upon the treatment of the soil, the distribution of 
rainfall, and the protection afforded by growing crops. 

An inexhaustible supply of nitrogen is present in the air. Above each acre 
of the earth’s surface there are about sixty-nine million pounds of atmospheric 
nitrogen. The nitrogen above one square mile weighs twenty million tons, an 
amount sufficient to supply the entire world for four or five decades. This large 
supply of nitrogen in the air is the one to which the world must eventually turn. 

There are two methods of collecting the inert nitrogen gas of the air and 
combining it into compounds that will furnish products for plant growth. These 
are the chemical and the biological fixation of the atmospheric nitrogen. Farmers 
have at their command one of these methods. By growing inoculated legumes, 
nitrogen may be obtained from the air, and by. plowing under more than the 
roots of these legumes, nitrogen may be added to the soil. 

‘Inasmuch as legumes are worth growing for purposes other than the fixation 
of atmospheric nitrogen, a considerable portion of the nitrogen thus gained 
may be considered a by-product. Because of that fact, it is questionable whether 
the chemical fixation of nitrogen will ever be able to replace the simple method 
of obtaining atmospheric nitrogen by growing inoculated legumes in the pro- 

duction of our great grain and forage crops. 
It may well be kept in mind that the following amounts of nitrogen are 
required for the produce named: 


1 bushel of oats (grain and straw) requires 1 pound of nitrogen. 

1 bushel of corn (grain and stalks) requires 144 pounds of nitrogen. 
1 bushel of wheat (grain and straw) requires 2 pounds of nitrogen. 
1 ton of timothy contains 24 pounds of nitrogen. 

1 ton of clover contains 40 pounds of nitrogen. 
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1 ton of cowpea hay contains 43 pounds of nitrogen. 

1 ton of alfalfa contains 50 pounds of nitrogen. 

1 ton of average manure contains 10 pounds of nitrogen. 

1 ton of young sweet clover, at about the stage of growth when it is plowed under as 

green manure, contains, on water-free basis, 80 pounds of nitrogen. 

The roots of clover contain about half as much nitrogen as the tops, and the 
roots of cowpeas contain about one-tenth as much as the tops. Soils of mod- 
erate productive power will furnish as much nitrogen to clover (and two or three 
times as much to cowpeas) as will be left in the roots and stubble. In grain 
crops, such as wheat, corn, and oats, about two-thirds of the nitrogen is con- 
tained in the grain and one-third in the straw or stalks. 


The Phosphorus Problem 


The element phosphorus is an indispensable constituent of every living cell. 
It is intimately connected with the life processes of both plants and animals, the 
nuclear material of the cells being especially rich in this element. 

The phosphorus content of the soil is dependent upon the origin of the soil. 
The removal of phosphorus by continuous cropping slowly reduces the amount 
of this element in the soil available for crop use, unless its addition is provided 
for by natural means, such as overflow, or by agricultural practices, such as the 
addition of phosphatic fertilizers and rotations in which deep-rooting, leguminous 
crops are frequently grown. 

It should be borne in mind in connection with the application of phosphate, 
or of any other fertilizing material, to the soil, that no benefit ean result until 
the need for it has become a limiting factor in plant growth. For example, if 
there is already present in the soil sufficient available phosphorus to produce a 
forty-bushel crop, and the nitrogen supply or the moisture supply is sufficient 
for only forty bushels, or less, then extra phosphorus added to the soil cannot 
inerease the yield beyond this forty-bushel limit. _ 

There are several different materials containing phosphorus which are 
applied to land as fertilizer. The more important of these are bone meal, acid 
phosphate, natural raw rock phosphate, and basie slag. Obviously that carrier — 
of phosphorus which gives the most economical returns, as considered from all 
standpoints, is the most suitable one to use. Altho this matter has been the 
subject of much discussion and investigation the question still remains unsettled. 
Probably there is no single carrier of phosphorus that will prove to be the most 
economical one to use under all circumstances because so much depends upon 
soil conditions, crops grown, length of haul, and market conditions. 

Bone meal, prepared from the bones of animals, appears on the market in 
two different forms, raw and steamed. Raw bone meal contains, besides the 
phosphorus, a considerable percentage of nitrogen which adds a useless expense 
if the material is purchased only for the sake of the phosphorus. As a source of 
phosphorus, steamed bone meal is preferable to raw bone meal. Steamed bone 
meal is prepared by extracting most of the nitrogenous and fatty matter from 
the bones, thus producing a more nearly pure form of calcium phosphate con- 
taining about 10 to 12 percent of the element phosphorus. 
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Acid phosphate is produced by treating rock phosphate with sulfuric acid. 
The two are mixed in about equal amounts; the product therefore contains 
about one-half as much phosphorus as the rock phosphate itself. Besides phos- 
phorus, acid phosphate also contains sulfur, which is likewise an element of 
plant food. The phosphorus in acid phosphate is more readily available for 
absorption by plants than that of raw rock phosphate. Acid phosphate of good 
quality should contain 6 percent or more of the element phosphorus. 

Rock phosphate, sometimes called floats, is a mineral substance found in 
vast deposits in certain regions. The phosphorus in this mineral exists chem- 
ically as tri-caleium phosphate, and a good grade of the rock should contain 
121% percent, or more, of the element phosphorus. The rock should be ground 
to a powder, fine enough to pass thru a 100-mesh sieve, or even finer. 

The relative cheapness of raw rock phosphate, as compared with the treated 
or acidulated material, makes it possible to apply for equal money expenditure 
considerably more phosphorus per acre in this form than in the form of acid 
phosphate, the ratio being, under the market conditions of the past several years, 
about 4 to 1. That is to say, under these market conditions, a dollar will pur- 
chase about four times as much of the element phosphorus in the form of rock 
phosphate as in the form of acid phosphate, which is an important consideration 
if one is interested in building up a phosphorus reserve in the soil. As explained 
above, more very carefully conducted comparisons on various soil types under 
various cropping systems are needed before definite statements can be given as 
to which form of phosphate is most economical to use under any given set. of 
conditions. 

Basic slag, known also as Thomas phosphate, is another carrier of phos- 
phorus that might be mentioned because of its considerable usage in Europe 
and eastern United States. Basie slag phosphate is a by-product in the manu- 
facture of steel. It contains a considerable proportion of basic material and 
therefore it tends to influence the soil reaction. 

Rock phosphate may be applied at any time during a rotation, but it is 
applied to the best advantage either preceding a crop of clover, which plant 
seems to possess an unusual power for assimilating the phosphorus from raw 
phosphate, or else at a time when it can be plowed under with some form of 
organic matter such as animal manure or green manure, the decay of which 
serves to liberate the phosphorus from its insoluble condition in the rock. It is 
important that the finely ground rock phosphate be intimately mixed with the 
organic material as it is plowed under. | 

In using acid phosphate or bone meal in a cropping system which includes 
wheat, it is a common practice to apply the material in the preparation of the 
wheat ground. It may be advantageous, however, to divide the total amount 
to be used and apply a portion to the other crops of the rotation, particularly 
to corn and to clover. 


The Potassium Problem 


Our most common soils, which are silt loams and clay loams, are well stocked 
with potassium, altho it exists largely in a slowly soluble form. Such soils as 
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sands and peats, however, are likely to be low in this element. On such soils 
this deficiency may be remedied by the application of some potassium salt, such 
as potassium sulfate, potassium chlorid, kainit, or other potassium compound, 
and in many instances this is done at great profit. 

From all the facts at hand it seems, so far as our great areas of common 
soils are concerned, that, with a few exceptions, the potassium problem is not 
one of addition but of liberation. The Rothamsted records, which represent the 
oldest soil experiment fields in the world, show that for many years other soluble 
salts have had practically the same power as potassium salts to inerease crop 
yields in the absence of sufficient decaying organic matter. Whether this action 
relates to supplying or liberating potassium for its own sake, or to the power 
of the soluble salt to increase the availability of phosphorus or other elements, 
is not known, but where much potassium is removed, as in the entire crops at 
Rothamsted, with no return of organic residues, probably the soluble salt func- 
tions in both ways. 

Further evidence on this matter is furnished by the Illinois experiment field 
at Fairfield, where potassium sulfate has been compared with kainit both with 
and without the addition of organic matter in the form of stable manure. Both 
sulfate and kainit produced a substantial increase in the yield of corn, but the 
cheaper salt—kainit—was just as effective as the potassium sulfate, and returned 
some financial profit. Manure alone gave an increase similar to that produced 
by the potassium salts, but the salts added to the manure gave very little increase 
over that produced by the manure alone. This is explained in part, perhaps, by 
the fact that the potassium removed in the crops is mostly returned in manure 
properly cared for, and perhaps im larger part by the fact that decaying organic 
matter helps to liberate and hold in solution other plant-food elements, especially 
phosphorus. 

In laboratory experiments at the Illinois Experiment Station, it has been 
shown that potassium salts and most other soluble salts increase the solubility of 
the phosphorus in soil and in rock phosphate; also that the addition of glucose 
with rock phosphate in pot-culture experiments increases the availability of the 
phosphorus, as measured by plant growth, altho the glucose consists only of car- 
bon, hydrogen, and oxygen, and thus contains no limiting element of plant food. 

In considering the conservation of potassium on the farm it should be re- 
membered that in average livestock farming the animals destroy two-thirds of 
the organic matter and retain one-fourth of the nitrogen and phosphorus from 
the food they consume, but that they retain less than one-tenth of the potassium ; 
so that the actual loss of potassium in the products sold from the farm, either 
in grain farming or in livestock farming, is negligible on land containing 25,000 
pounds or more of potassium in the surface 634 inches. 


The Calcium and Magnesium Problem 


When measured by crop removals of the plant-food elements, calcium is 
often more limited in Illinois soils than is potassium, while magnesium may be 
occasionally. In the case of calcium, however, the deficiency is likely to develop 
more rapidly and become much more marked because this element is leached 
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out of the soil in drainage water to a far greater extent than is either magnesium 
or potassium. 

The annual loss of limestone from the soil depends, of course, upon a num- 
ber of factors aside from those which have to do with climatic conditions. 
Among these factors may be mentioned the character of the soil, the kind of 
limestone, its condition of fineness, the amount present, and the sort of farming 
practiced. Because of this variation in the loss of lime materials from the soil, 
it is impossible to prescribe a fixed practice in their renewal that will apply uni- 
versally. The tests for acidity and carbonates described above, together with the 
behavior of such lime-loving legumes as alfalfa and sweet clover, will serve as 
general indicators for the frequency of applying limestone and the amount to 
use on a given field. 

Limestone has a direct value on some soils for the plant food which it 
supplies, in addition to its value in correcting soil acidity and in improving the 
physical condition of the soil. Ordinary limestone (abundant in the southern 
and western parts of Illinois) contains nearly 800 pounds of calcium per ton; 
while a good grade of dolomitic limestone (the more common limestone of north- 
ern Illinois) contains about 400 pounds of ealeium and 300 pounds of magnesium 
per ton. Both of these elements are furnished in readily available form in 
eround dolomitic limestone. 


The Sulfur Question 


In considering the relation of sulfur in a permanent system of soil fertility 
it is important to understand something of the cycle of transformations that this 
element undergoes in nature. Briefly stated this is as follows: 

Sulfur exists in the soil in both organic and inorganic forms, the former 
being gradually converted to the latter form thru bacterial action. In this 
inorganic form sulfur is taken up by plants which in their physiological pro- 
cesses change it once more into an organic form as a constituent of protein. 
When these plant proteins are consumed by animals, the sulfur becomes a part 
of the animal protein. When these plant and animal proteins are decomposed, 
either thru bacterial action, or thru combustion, as in the burning of coal, the 
sulfur passes into the atmosphere or into the soil solution in the form of sulfur 
dioxid gas. This gas unites with oxygen and water to form sulfurie acid, which 
is readily washed back into the soil by the rain, thus completing the cycle, from 
soil—to plants and animals—to air—to soil. 

In this way sulfur becomes largely a self-renewing element of the soil, altho 

there is a considerable loss from the soil by leaching. Observations taken at the 
Illinois Agricultural Experiment Station show that 40 pounds of sulfur per 
acre are brought into the soil thru the annual rainfall. With a fair stock of 
sulfur, such as exists in our common types of soil, and with an annual return, 
which of itself would more than suffice for the needs of maximum crops, the 
maintenance of an adequate sulfur supply presents little reason at present for 
serious concern. There are regions, however, where the natural stock of sulfur 


in the soil is not nearly so high and where the amount returned thru rainfall is 


small. Under such circumstances sulfur soon becomes a limiting element of 
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crop production, and it will be necessary sooner or later to introduce this sub- 
stance from some outside source. Investigation is now under way to determine 
to what extent this situation may apply under Illinois conditions. 


Physical Improvement of Soils 


\ 


In the management of most soil types, one very important matter, aside from 
proper fertilization, tillage, and drainage, is to keep the soil in good physical 
condition, or good tilth. The constituent most important for this purpose is 
organic matter. Organic matter in producing good tilth helps to control wash- 
ing of soil on rolling land, raises the temperature of drained soil, increases the 
moisture-holding capacity of the soil, slightly retards capillary rise and conse- 
quently loss of moisture by surface evaporation, and helps to overcome the 
tendency of some soils to run together badly. 

The physical effect of organic matter is to produce a granulation or mellow- 
ness, by cementing the fine soil particles into crumbs or grains about as large as 
erains of sand, which produces a condition very favorable for tillage, percolation 
of rainfall, and the development of plant roots. 

Organic matter is undergoing destruction during a large part of the year 
and the nitrates produced in its decomposition are used for plant growth. Altho 
this decomposition is necessary, it nevertheless reduces the amount of organic 
matter, and provision must therefore be made for maintaining the supply. The 
practical way to do this is to turn under the farm manure, straw, cornstalks, 
weeds, and all or part of the legumes produced on the farm. The amount of 
legumes needed depends upon the character of the soil. There are farms, espe- 
cially grain farms, in nearly every community where all legumes could be turned 
under for several years to good advantage. 

Manure should be spread upon the land as soon as possible after it is pro- 
duced, for if it is allowed to lie in the barnyard several months as is so often 
the case, from one-third to two-thirds of the organic matter will be lost. 

Straw and cornstalks should be turned under, and not burned. There is 
considerable evidence indicating that on some soils undecomposed straw applied 
in excessive amount may be detrimental. Probably the best practice is to apply 
the straw as a constituent of well-rotted stable manure. Perhaps no form of 
organic matter acts more beneficially in producing good tilth than cornstalks. It 
is true, they decay rather slowly, but it is also true that their durability in the 
soil is exactly what is needed in the production of good tilth. Furthermore, 
the nitrogen in a ton of cornstalks is one and one-half times that of a ton of 
manure, and a ton of dry cornstalks incorporated in the soil will ultimately - 
furnish as much humus as four tons of average farm manure. When burned, 
however, both the humus-making material and the nitrogen are lost to the soil. 

It is a common practice in the corn belt to pasture the cornstalks during 
the winter and often rather late in the spring after the frost is out of the ground. 
This trampling by stock sometimes puts the soil in bad condition for working. 
It becomes partially puddled and will be cloddy as a result. If tramped too 
late in the Spring, the natural agencies of freezing and thawing and wetting 
and drying, with the aid of ordinary tillage, fail to produce good 'tilth before 


1926] Win County 45 


the crop is planted. Whether the crop is corn or oats, it necessarily suffers and 
if the season is dry, much damage may be done. If the field is put in corn, a 
poor stand is likely to result, and if put in oats, the soil is so compact as to be 
unfavorable for their growth. Sometimes the soil is worked when too wet. This 
also produces a partial puddling which is unfavorable to physical, chemical, and 
biological processes. The effect becomes worse if cropping has reduced the 
organic matter below the amount necessary to maintain good tilth. 


Systems of Crop Rotations 


In a program of permanent soil improvement one should adopt at the outset 
a good rotation of crops, including, for the reasons discussed above, a liberal 
use of legumes. No one can say in advance for every particular case what will 
prove to be the best rotation of crops, because of variation in farms and farmers 
and in prices for produce. As a general principle the shorter rotations, with 
the frequent introduction of leguminous crops, are the better adapted for build- 
ing up poor soils. 

Following are a few suggested rotations which may serve as models or out- 
lines to be modified according to special circumstances. 


Six-Year Rotations 


First year —Corn 

Second year —Corn 

Third year Wheat or oats (with clover, or clover and grass) 
Fourth year —Clover, or clover and grass 

Fifth year —Wheat (with clover), or grass and clover 

Siath year —Clover, or clover and grass 


Of course there should be as many fields as there are years in the rotation. 
In grain farming, with small grain grown the third and fifth years, most of the 
unsalable products should be returned to the soil, and the clover may be clipped 
and left on the land or returned after threshing out the seed (only the clover 
seed being sold the fourth and sixth years) ; or, in livestock farming, the field 
may be used three years for timothy and clover pasture and meadow if desired. 
The system may be reduced to a five-year rotation by cutting out either the sec- 
ond or the sixth year, and to a four-year system by omitting the fifth and sixth 
years, as indicated below. 

Five-Year Rotations 


First year —Corn 

Second year —Wheat or oats (with clover, or clover and grass) 
Third year —Clover, or clover and grass 

Fourth year —Wheat (with clover), or clover and grass 

Fifth year -—Clover, or clover and grass 


_ First year + —Corn 
Second year —Corn 
Third year -—Wheat or oats (with clover, or clover and grass) 
Fourth year —Clover, or clover and grass 
Fifth year —Wheat (with clover) 


First year —Corn 

Second year —Cowpeas or soybeans 
Third year —Wheat (with clover) 
Fourth year —Clover 

Fifth year —Wheat (with clover) 
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The last rotation mentioned above allows legumes to be grown four times. 
Alfalfa may be grown on a sixth field for five or six years in the combination 
rotation, alternating between two fields every five years, or rotating over all the 
fields if moved every six years. 


Four-Year Rotations 


First year —Corn First year —Corn 

Second year —Wheat or oats (with clover) Second year —Corn 

Third year —Clover Third year —Wheat or oats (with clover) 
Fourth year —Wheat (with clover) Fourth year —Clover 

First year —Corn First year Wheat (with clover) 

Second year —Cowpeas or soybeans Second year —Clover 

Third year —Wheat (with clover) Third year —Corn 

Fourth year —Clover Fourth year —Oats (with clover) 


Alfalfa may be grown on a fifth field for four or eight years, which is to be 
alternated with one of the four; or the alfalfa may be moved every five years, 
and thus rotated over all five fields every twenty-five years. 


Three-Year Rotations 


First year —Corn First year —Wheat or oats (with clover) 
Second year —Oats or wheat (with clover) Second year —Corn 
Third year —Clover Third year —Cowpeas or soybeans 


By allowing the clover, in the last rotation mentioned, to grow in the spring 
before preparing the land for corn, we have provided a system in which legumes 
grow on every acre every year. This is likewise true of the following suggested 
two-year system : 

Two-Year Rotations 
First year —Oats or wheat (with sweet clover) . 
Second year —Corn 

Altho in this two-year rotation either oats or wheat is suggested, as a matter 
of fact, by dividing the land devoted to small grain, both of these crops can be 
grown simultaneously, thus providing a three-crop system in a two-year cycle. 

It should be understood that in all of the above suggested cropping systems 
it may be desirable in some eases to substitute rye for the wheat or oats. Or, in 
some cases, it may become desirable to divide the acreage of small grain and 
grow in the same year more than one kind. In all of these proposed rotations 
the word clover is used in a general sense to designate either red clover, alsike 
clover, or sweet clover. The value of sweet clover, especially as a green manure 
for building up depleted soils, as well as a pasture and hay-crop, is becoming 
thoroly established, and its importance in a crop-rotation program may well 
be emphasized. 


SUPPLEMENT: EXPERIMENT FIELD DATA 


(Resulis from Experiment Fields on Soil Types Similar to those Occurring in 
Will County) 


The University of Illinois has operated altogether about fifty soil experi- 
ment fields in different sections of the state and on various types of soil. Altho 
some of these fields have been discontinued, the large majority are still in 
operation. It is the present purpose to report the results from certain of these 
fields located on types of soil described in the accompanying soil report. 

A few general explanations at this point, which apply to all the fields, will 
relieve the necessity of numerous repetitions in the following pages. 


Size and Arrangement of Fields 


The soil experiment fields vary in size from less than two acres up to 40 
acres or more. They are laid off into series of plots, the plots commonly being 
either one-fifth or one-tenth acre in area. Each series is occupied by one kind 
of crop. Usually there are several series so that a crop rotation can be carried 
on with every crop represented every year. 


Farming Systems 
On many of the fields the treatment provides for two distinct systems of 
farming, livestock farming and grain farming. 
In the livestock system, stable manure is used to furnish organie matter 
and nitrogen. The amount applied to a plot is based upon the amount that can 
be produced from crops raised on that plot. 


In the grain system no animal manure is used. The organic matter and 
nitrogen are applied in the form of plant manures, including the plant residues 
produced, such as corn stalks, straw from wheat, oats, clover, ete., along with 

- leguminous catch crops plowed under. It was the plan in this latter system to 
remove from the land, in the main, only the grain and seed produced, except in 
the case of alfalfa, that crop being harvested for hay the same as in the livestock 
system. Some modifications have been introduced in recent years. 


Crop Rotations 


Crops which are of interest in the respective localities are grown in definite 
rotations. The most common rotation used is wheat, corn, oats, and clover; 
and often these crops are accompanied by alfalfa growing on a fifth series. In 
the grain system a legume catch crop, usually sweet clover, is included, which 
is seeded on the young wheat in the spring and plowed under in the fall or in 
the following spring in preparation for corn. If the red clover crop fails, soy- 
beans are substituted. 
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Soil Treatment 


The treatment applied to the plots has, for the most part, been standard- 
ized according to a rather definite system, altho deviations from this system 
occur now and then, particularly in the older fields. 

Following is a brief explanation of this standard system of treatment. 

Animal Manures.—Animal manures, consisting of excreta from animals, 
with stable litter, are spread upon the respective plots in amounts proportionate 
to previous crop yields, the applications being made in the preparation for corn. 

Plant Manures.—Crop residues produced on the land, such as stalks, straw, 
and chaff, are returned to the soil, and in addition a green-manure crop of sweet 
clover is seeded in small grain to be plowed under in preparation for corn. (On 
plots where limestone is lacking the sweet clover seldom survives.) This practice 
is designated as the residues system. 

Mineral Manures.——The yearly aecre-rates of application have been: for 
limestone, 1,000 pounds; for raw rock phosphate, 500 pounds; and for potas- 
sium, usually 200 pounds of kainit. When kainit was not available, owing to 
conditions brought on by the World war, potassium carbonate was used. The 
initial application of limestone has usually been 4 tons per acre. 


Explanation of Symbols Used 


0 = Untreated land or check plots 
M = Manure (animal) 
R =Residues (from crops, and includes legumes used as green manure) 
L = Limestone 
P =Phosphorus, in the form of rock phosphate unless otherwise designated 
(aP = acid phosphate, bP —bonemeal, rP —rock phosphate, sP =slag 
phosphate) 
K = Potassium (usually in the form of kainit) 
N Nitrogen (usually in the form contained in dried blood) 
Le — Legume used as green manure 
Cv = Cover crop 
( ) = Parentheses enclosing figures, signifying tons of hay, as distinguished from 
bushels of seed 
|= Heavy vertical rule, indicating the beginning of complete treatment 
|| == Double vertical rule, indicating a radical change in the cropping system 


In discussions of this sort of data, financial profits or losses based upon 
assigned market values are frequently considered. However, in view of the 
erratic fluctuations in market values—especially in the past few years—it seems 
futile to attempt to set any prices for this purpose that are at all satisfactory. 
The yields are therefore presented with the thought that with these figures at 
hand the financial returns from a given practice can readily be computed upon 
the basis,of any set of market values that the reader may choose to apply. 


THE JOLIET FIELD 


A University soil experiment field is located in Will county about three miles 
northwest of Joliet on the Lincoln highway. This field has been in. operation 
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since 1914. It comprizes 31 acres of prairie soil of loessial and drift origin and 
shown on the county map as Brown Silt Loam. Based upon certain distinctions 
in soil profile, however, the Brown Silt Loam may be resolved here into two 
separable types, Brown Silt Loam On Caleareous Drift and Brown Silt Loam 
On Plastic Caleareous Drift. Besides these there are present some small patches 
of Black Clay Loam of the poorly drained phase. The distribution of these soil 
types, as well as the arrangement of plots, is charted in the accompanying dia- 
gram (Fig. 2). The topography of the surface is indicated on the diagram by 
contour lines. 

The field is laid out into two separate systems of plots, each system with its 
own program of crop rotation and under the various soil treatments, as indicated 
on the diagram and in the tables which follow. 


Series 100 to 600 


The original rotation on Series 100 to 600 inclusive was corn, oats, clover, 
wheat, and soybeans, with alfalfa on the sixth series for six years. In 1921 
this rotation was changed to corn, corn, oats, clover, and wheat, with a seeding 
of sweet clover on the residues plots, and alfalfa on the sixth series for six years. 
Since 1921 all clover has been removed as hay. In 1921 the return of the oat 
straw was discontinued, as was also the wheat straw the following year. The 
application of limestone was likewise discontinued in 1922, to be resumed when 
need for more lime becomes apparent. 

A record of yields of all crops produced on these series is given in Table 7, 
but for convenience in considering the results these records are summarized in 
Table 8, in which is shown the average annual yields of the several crops, in- 
cluding the years since the complete soil treatments have been in effect. 

In looking over these results, one may observe first a beneficial effect of 
animal manure on all crops but a most pronounced effect on the corn. This 
suggests the importance of carefully conserving and regularly applying all avail- 
able stable manure. Residues alone have produced some increase in the, corn, 
but have had little effect on the yield of other crops. 

Where limestone is applied there has usually been some increase in yield. 
Limestone has been especially beneficial to alfalfa. 

' Very marked crop increases have followed the application of rock phosphate, 
so that the use of this material has proved exceedingly profitable on this field. 

Profitable response to potassium, in the combination here used, has been 
secured only in the corn and wheat, so that considering the rotation as a whole, 
the value of crop increase has not been sufficient to cover the cost of material. 
Perhaps a smaller amount of the kainit, applied directly to the corn, would 
return a financial profit. 

Series 700 to 1000 

The plots now comprizing Series 700, 800, 900, and 1000 were not subdivided 

until 1921. Series 700 and 800 had been used for a wheat-legume-alfalfa com- 


bination, while Series 900 and 1000 had been used for a wheat-legume-timothy 
combination. This land had all received 214 tons of limestone an aere without — 
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Fig. 3.—ALFALFA ON THE JOLIET EXPERIMENT FIELD 


Here are shown the products of two plots both receiving crop residues. Without limestone 
‘and rock phosphate, the yield of hay was 1.46 tons an acre. With these materials applied 
to the land, the yield was 3.51 tons an acre. 


further soil treatment. In 1921 it was plotted and put under a rotation of corn, 
barley, soybeans, and wheat. Hubam clover has been seeded on Plots 5, 6, 7, 8, 
and 9 in the barley, and biennial sweet clover on the same plots in the wheat. 
In 1924 another modification was made in the cropping plan, the rotation now 
being corn, barley, wheat, and legumes (red clover being seeded in the wheat 
on Plots 1, 2, 3, and 4 on all series and on Plots 11, 12, and 13 on Series 700 and 
900, and alfalfa seeded on Plots 5, 6, 7, 8, 9, and 10). The following soil treat- 
ments were applied: an additional 8,000 pounds an acre of limestone to Plot 7 
on all series; rock phosphate at the annual acre-rate of 400 pounds to Plots 2, 
3, 6, 7, and 8; acid phosphate at the acre-rate of 250 pounds ahead of the wheat 


TABLE 8,— JOLIET FIELD: Series 100-600, Summary or Crop YIELDS 
Average Annual Yields 1915-1925—Bushels or (tons) per acre 


Serial Corn Oats Wheat | Clover! Soy- Alfalfa 
plot Soil treatment beans 
No. 16 crops | 11 crops | 8crops | 6 crops | 4crops | 4 crops 
1 Utes meget antes treat barc $1.3 56.4 21.7 ( .98) (1.26) We27) 
2 IM wy ete cated ane 40.2 61.8 26.2 (1331) (1.39) (1.69) 
3 IVT eee, cnn eee ae 44.8 63.2 30.4 (1.37) 1.48) (2.42) 
4 NEES eel Peer 48.2 67.4 37.9 1.66) (1.59) (3.21) 
5 Once et. ts ae Gees B20 Bhal Pare (395) 12.1 (1.19) 
6 TAREE Catan ee 37.3 58.0 23.3 (e281) 12.1 (1.14) 
i RU Ses oer ake: Ala 60.4 Pe Oe (1.01) 14.1 (1.81) 
8 ULE een ee 46.4 66.2 36.4 (1.55) 16.2 (3.52) 
9 VEG ARREST ote, Snir Noe 50.8 67.0 39.9 (1.67) 16 (3.46) 
10 Dee eR ote A Eietiett ict ots 33.6 57.3 23.0 (1.12) (1.14) (1.35) 
M over 0s pene oe 8.9 5.4 4.5 (233) (Cis) (42) 
RY OVELLO Set eee 5.0 Oo 1.6 |—( .14) 00 |—( .05) 
MilvoveriViee- terse: 4.6 1.4 4.2 ( .06) ( .09) (Geav3) 
Rilioversivenenaerncr 3.8 2.4 1.9 (4520) 2 GaGr) 
MLrP over ML...... 3.4 4.2 Cae ( .29) Cap (29) 
RP overseer 5.3 5.8 ne 2 ( .54) 2 (1.71) 
RLrPK over RLrP... 4.4 8 3.5 ( 12) 6 -—-( .06) 


1One crop of seed on Plots 6, 7, 8, and 9 is evaluated as hay. a 
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Taste 9.—JOLIET FIELD: Serres 700, 800, 900, 1000 
Annual Crop Yields—Bushels or (tons) per acre 
1922 ee Soil treatment 1924 eed 
Barley! b rial as modified Wheat ne Ge f 
23.8 29.5 (1.85) 
32.1 28.3 (2.03) 
26.7 28.7 (1.72) 
26.7 27.0 (1.70) 
24.6 26.7 (1.63) 
29.8 29.0 (1.82) 
28.3 27.5 (1.81) 
23.5 22.4 (1.71) 
25.2 19.5 (1.80) 
27.7 19.5 (1.69) 
29.0 WW GAs, (2.16) 
24.4 19.7 (1.46) 
24.4 26.2 (1.49) 
Corn Barley | Wheat 
33.0 17.9 8.3 
39.8 16.3 14.0 
47.6 18.8 1037) 
34.0 14.8 9.8 
37.0 16.0 10.2 
35.8 17.3 12.0 
42.2 Lied 14.3 
43.8 18.1 16.5 
43.8 17.9 21.0 
39.2 21.7 21.8 
Wheat? Corn Barley 
ar rue ae 31.8 23.5 
a eae 46.8 24.4 
Pde alte hh 49.0 22.1 
MOST SEG 48.4 21.9 
pins wad She 48.0 19.8 
Bees is ot 42.2 23.5 
Se ee 49.6 23.8 
a Ai 46.4 1 iy ees 
evar e 41.0 Sst 
A ere Nee 38.4 23.5 
ENTE 7, 48.6 23.5 
hc ane gn 46.0 21.0 
aR re 46.0 fel 
Soy- Soy- ‘ 
beans! beans Corn 
13.5 15.0 40.0 
13.8 16,7 46.8 
15.7 18.2 51.2 
15.3 17.3 47.2 
14.5 18.2 47.0 
157 18.2 49.6 
15.7 MWh? 46.4 
14.8 14.5 50.0 
17.0 15.5 51.6 
11.8 15.3 40.0 


1No legume treatment. 


wNoanwwownn 


2All plots harvested together. 


3Crop failure. 


crop on Plots 12 and 13; potassium chlorid at the annual acre-rate of 100 pounds 
to Plots 8 and 9; and gypsum at the annual acre-rate of 100 pounds to Plot 3. 
A discussion of the results of the work on these series is scarcely warranted 
at this time since the experiments of any one system are of such short duration. 
The crop yields are reported in Table 9, however, as a matter of record, and 


future developments on these plots will be watched with interest. 
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THE HARTSBURG FIELD 


The results of experiments on the Hartsburg field are introduced as repre- 
senting the soil type Black Clay Loam, poorly drained phase. This field is lo- 
eated in Logan county just east of Hartsburg. The work began in 1911. The 
field was laid off into five series of 10 plots each. The crop rotation up to 1923 
was wheat, corn, oats, and clover, with alfalfa growing on a fifth series after 
which it was changed to corn, corn, oats, and wheat on four of the series and 
to corn, oats, wheat, and an alfalfa and red clover mixture on the fifth series. The 
soil treatments are as indicated in Table 10. The table summarizes by crops, 
the yields for the period during which the plots have been under full treatment. 

The outstanding feature of these results is the large increase in yields pro- 
duced by residues, which even exceeds the increase brought about by the use of 
stable manure. 

_ The behavior of limestone on this field is rather peculiar in that it has been 
more beneficial where applied with manure than where used with residues. Used 
with manure, limestone shows some increase in all crops, while with residues 
the effect on several of the crops appears negative. 

Altho rock phosphate has given some increases in wheat yield in both manure 
and residues systems, the results with other crops have been such as to render 
the use of this material unprofitable on this field. 

The addition of potassium appears to have produced no significant effect 
upon the yields of any of the crops. 

It may be mentioned that new experiments have recently been started on 
these plots which are designed to answer some of the questions brought out by 


Taste 10.—HARTSBURG FIELD: Summary or Crop YiELtps 
Average Annual Yields 1913-1925—Bushels or (tons) per acre 


Serial Corn! Oats Wheat Clover? Soy- Alfalfa? 


plot Soil treatment beans 
No. 17 crops | 18 crops | 11 crops | 6 crops | 2 crops | 10 crops 
Nga 0 eaeeee eet wea tee PE 46.7 47.6 25.6 | (2.19) | (1.29) | (3.47) 
Be Viger ae Oe eee ee 56.6 53.0 30.1 (2.59) (1.65) 3.67) 
3 1 A Oy We PCRS ce 62.9 58.7 35.6 (2.67) (1.82) (3.91) 
4 INE ence eee oe ere: 61.5 58.6 38.1 (2.80) (1.93) (4.19) 

| 

5 Ue eerste A 5 7 52.6 46.2 30.9 (1.48) 25.8 (3.33) 
6 EUR ee i Seer ten: he gers 62.6 54.9 34.1 (1.91) 26.8 (3.78) 
7 13H ce Reeves, 3 ene Sor 66.9 53.0 Bile (1.82) 28.5 (8.45) 
ae Rae eo ea 65.8 57.4 35.3 | (1.97) | 26.2 | (4.04) 
9 RTP Sa eae wee 65.2 56.7 34.7 (1.89) 26.5 (4.16) 
10 URE eds Orarenr ean org. Det 48.3 31.6 (2.35) (1.69) (3.20) 
M-over Os:-3e4. eee 9.9 5.4 4.5 ( .40) (236) ( ..20) 
Rover 0 52)... ee oe 10.0 8.7 3.2 43) 0 45) 
ML over M.:...:... 6.3 Sede 525 ( .08) GA2%) ( .24) 
RL oversR2. 1) ae eee 4.3 —1.9 —2.8 |—( .09) Lem —( .33) 
MLrP over ML...... —1.4 — .l 2.5 ( $13) (Gey 9) ( .28) 
sure co vere luan tae —1.1 4.4 4.0 (CaS) ( .59) 
RLrPK over RLrP...| — .6 — .7 — .6 |—( .08) AG) 212) 


1One corn crop without residues. 2One crop of stubble clover included; some seed evaluated 
as hay on Plots 5, 6, 7, 8, and 9. *No residues for the first 6 crops. 
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the foregoing results. For example, the effect of applying phosphorus in other 
carriers and in different combinations, as well as testing the residual effect of 
phosphate already applied, will be tried. 


THE ANTIOCH FIELD 
The Antioch field is located in Lake county close to the Wisconsin border. 
- The land is slightly rolling and the soil is of the type designated as Yellow-Gray 
Silt Loam On Calecareous Drift. The field was started in 1902. The work is now 
confined to a single series of 10 plots. 

The rotation first established was corn, corn, oats, and wheat, but in 1911 this 
was changed to wheat, corn, oats, and clover. Nitrogen was applied in the earlier 
years in 800 pounds of dried blood an acre a year, but after 1911 the use of com- 
mercial nitrogen was discontinued and crop residues and legumes were sub- 
stituted. Phosphorus was supplied in 200 pounds of steamed bone meal. In 
1924 rock phosphate was applied as additional treatment to Plots 2, 3, and 5, 
which formerly had received no phosphorus. Potassium sulfate has been used 
mainly as the source of potassium. At the beginning, slaked lime was applied at 
the rate of 470 pounds an acre. No more lime was used until 1912, when a 2-ton 
application of limestone was made. This was followed by a 3-ton application 
in 1918. 

The results are presented in Table 11, which is so arranged as to show first 
a summary, by averages, of the several crops grown from the beginning up to 
1923, and second, the annual results of the three different crops obtained since 
the rock phosphate application in 1924. On account of an abnormality in Plot 1 
the results from this plot are vitiated to some extent. 

The data show that phosphorus is the one element standing out prominently 
as producing consistently beneficial results. After bone meal had demonstrated 
repeatedly this highly beneficial effect, the question arose as to whether the 
necessary phosphorus could be efficiently supplied on this soil thru the use of rock 
phosphate. Accordingly rock phosphate was applied to plots which hitherto had 
not received bone meal. Altho the experiments have not continued long enough 
for a final test of the relative efficiency of these two phosphorus carriers, the re- 
sults indicate very favorable effects upon crop yields by the use of rock phos- 
phate. The rock phosphate was first applied in the spring of 1924 in pre- 
paring the land for oats. As might be expected, no immediate effect on the oat 
crop is apparent. In the following year, however, the clover shows a marked 
response to the phosphate treatment. In considering these clover yields it should 
be noted that on the residue plots only one crop of hay is harvested, the second 
crop being plowed under for soil improvement; on all other plots the results 
represent the combined yields of the first and second crops. : 

The wheat in 1926 likewise shows a marked response to the rock phosphate 
treatment. Altho the yields of the newly treated rock phosphate plots are not 
quite so high as those of the corresponding bone meal plots, it is possible that 
the latter are at some advantage due to the cumulative effects of the many years 
of previous phosphatic treatment. 

_ Potassium sulfate as applied in these experiments has not given very con- 
sistent results, but, on the whole, it appears that the use of potassium fertilizer 
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TasBue 11.—ANTIOCH FIELD: Crop Yir.ps 
Bushels or (tons) per acre 


Average annual grain yields Radic Annual yields 

Plot Soil 1902-1923 tional 1924-1926 
) ee 
7, |treatment treatment ; 

No. applied Wheat Corn Oats applied Oats Clover! Wheat 

5 crops 9 crops 5 crops | in 1924 1924 1925 1926 

oO Sepy anes 14.7 24.5 32.3 ie 17.5 (2.37) 26.5 
ZAIN bine sie 13.3 21.8 26.8 +rP 25.3 (4.11) 41.3 
Sie | UE te aes 18.9 22.5 29.9 +rP 24.7 (2.69) 44.3 
AERPs: 35.0 31.0 43.6 ake 26.9 (4.51) 48.5 
Dien is See 17.8 23.3 27.8 +rP 13.1 (4.27) 44,3 
(ip fMUadaged 2 e. 32.6 34.1 43.3 Se ae 28.4 (3.16) 52.2 
76 DISA en 19.2 25.4 26.9 aint 20.3 (2.31 31.7 
oy Poy eaee 30.3 26.1 38.2 ee 30.6 (4.60 49.3 
9 |LRbPK. 28.1 38.9 42.6 ets 27.8 (2.58 51.5 

LOM RDP Kor. 31.0 38.7 44.7 eee 26.6 (2.86) 48.8 


‘Red clover mixed with some volunteer growth of sweet clover. Figures represent the com- 
bined yields of first and second crops except on residues plots, where only the first crop is har- 
vested. 


on this kind of soil and in this kind of farming does not represent a profitable 
practice. 

The results are also unfavorable for lime. Limestone, however, is abundant 
in the substrata of this soil type. 


Lime applied and Lime and phosphorus 
residues plowed under applied 


Fig. 4.—CLOvER ON THE ANTIOCH EXPERIMENT FIELD 
These pictures illustrate the beneficial effect of phosphorus on the Antioch field. The land 
at the left has received no phosphorus fertilizer, altho lime has been applied and residues 
plowed under. That at the right has been treated with bone meal as well as with lime. 
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THE OQUAWKA FIELD 


In 1913 the University established an experiment field on Dune Sand, Ter- 
race, in Henderson county, near the Mississippi river. This field is divided into 
six series of plots. Corn, soybeans, wheat, sweet clover, and rye, with a catch 
crop of sweet clover seeded in the rye on the residues plots, are grown in rotation 
on five series, while the sixth series is devoted to alfalfa. When sweet clover 
seeded in the wheat fails, cowpeas are substituted. 

Table 12 indicates the kinds of treatment applied, the amounts of the ma- 
terials used being in accord with the standard practice, as explained on page 48. 

_ The data make apparent the remarkably beneficial action of limestone on 
this sand soil. Where limestone has been used in conjunction with crop residues, 
the yield of corn has been greatly increased. The limestone has also produced 
good erops of rye and fair crops of sweet clover and alfalfa. 

This land appears to be quite unresponsive to treatment with rock phosphate. 
The analyses show, however, that the stock of phosphorus in this type of soil is 
not large. As time goes on and the supply diminishes along with the produce- 
tion of good-sized crops, it may be that the application of this element will be- 
come profitable. It is also quite possible that a more available form of phosphate 
could be used to advantage on this very sandy soil. 

Altho the results show an increase of nearly three bushels of corn from the 
use of potassium salts, with ordinary prices this would not be a profitable treat- 
ment. The slight apparent effects in the other crops are scarcely significant. 


* 


TaBLE 12.—OQUAWKA FIELD: Summary or Crop YIEeLps 
Average Annual Yields, 1915-1925—Bushels or (tons) per acre 


Serial : Corn Soy- Wheat Sweet | Rye Alfalfa 
plot Soil treatment beans! Glover? 
No. applied 11 crops | 11 crops | 11 crops | 7? crops 9 crops S crops 
1 0)... be a 19.8 (1.01) Weal 0.00 ae) (Gon) 
2 IML. 9 2150) (1.20) 10.9 0.00 13.3 ( .56) 
3 IMI. 3 oe Spee (1.60) 14.6 1.14 24.5 (2.05) 
4 ULE 6 ear 31.9 (1.58) Lov0 1.14 8.0 (2. £2 
5 MEMES Sneek eases 20.1 ( .78 9.8 0.00 17 ( .08) 
6 No 21.8 ee) dulce 0.00 DYE ( .09) 
7 1b: 6 eal 36.7 Cie25' 13.9 es? 24.3 (1.82) 
8 IRL 0 1Oea! (1.25 14.1 1.43 24.3 (1.79) 
9 JUL 2) eo 39.0 Gb 13.3 Wav E 26.5 (1.87) 
We JO. ol 19.1 (ance, 8.8 0.00 ORG ( .02) 
IWMOneri ices an ae. oe ( .19) Sea 0.00 1.4 (G2) 
R over 0 Re se: 3 Ieee se 02 13 0.00 ie ( .01) 
Midirower IV ....0¢... Hees ( .40) ohn i 1.14 2 (1.49) 
INL Chee 14.9 ( .49) 2.8 I eiye 11.6 G73) 
MLrP over ML...... Sm (2202) y GhOORL = 4.5 € 107} 
wiePiover RL........ —.6 ( .00) 2 — 14 el ee 03) 
_RLrPK over RLrP... 2.9 |—(.08) —.8 24 ee ( .08) 


1Rleven regular crops, together with the extra crop described in Footnote 2, are averaged as 
11 crops. Several crops which were harvested as seed are evaluated in this summary as hay. 

2Some hay is here evaluated as seed. In 1918 the sweet clover was killed by early cutting for 
a hay crop; soybeans were seeded in July, and the ensuing crop is included in the soybean averages. 
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Manure ' Manure and limestone 
Yield: Nothing Yield: 4.43 tons per acre 
Fig. 5.—ALFALFA ON THE OQUAWKA EXPERIMENT FIELD 
These pictures show the possibility of improving this unproductive sandy land on the 
Oquawka field. Both plots were seeded alike to alfalfa. Where manure alone was applied, the 


crop was a total failure, but where limestone in addition to manure was applied, nearly 414 
tons of alfalfa hay was obtained as the season’s yield. 


A significant fact which the above summary does not bring out is that im- 
provement under favorable treatment has been progressive, as evidenced by a 
very marked upward trend in production after the first few years. For example, 
the acre yields under the limestone-residues treatment for the entire 11-year 
period are: corn, 36.7 bushels; wheat, 13.9 bushels; and rye, 24.3 bushels, but 
if we take the corresponding averages for the last five years the yields are: corn, 
45.7 bushels; wheat, 19.6 bushels; and rye, 25.2 bushels. 

Experience thus far shows rye to be better adapted to this land than wheat, 
and both alfalfa and sweet clover thrive better than soybeans. With these two 
legume crops thriving so well under this simple treatment, we have promise of 
great possibilities for the profitable culture of this land, which hitherto has 
been considered as practically worthless. 


THE MANITO FIELD 
The results secured on the Manito experiment field which was located on 
Deep Peat and which was in operation during the years 1902 to 1905, inclusive, 
are presented in Table 13. 
There were ten plots receiving the treatments indicated in the table. Where 
potassium was applied, the yield was from three to four times as large as where 
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nothing was applied. Where approximately equal money values of kainit and 
potassium chlorid were applied, slightly greater yields were obtained with the 
potassium chlorid, which, however, supplied about one-third more potassium than 
the kainit. However, either material furnished more potassium than was required 
by the crops produced. 

The use of 700 pounds of sodium chlorid (common salt) produced no 
appreciable increase over the best untreated plots, indicating that where potas- 
sium is itself actually deficient, salts of other elements cannot take its place. 

Applications of 2 tons per acre of ground limestone produced no increase 
in the corn crops, either when applied alone or in combination with kainit, 
either the first year or the second. : 

Reducing the application of kainit from 600 to 300 pounds for each two- 
year period reduced the total yield of corn from 164.5 to 125.9 bushels. The two 
applications of 300 pounds of kainit (Plot 9) appear to be insufficient. 


TaBLE 13.—MANITO FIELD: Annvat Corn YIELpDs 
: Bushels per acre 


Plot Soil treatment Corn | Corn Soil treatment Corn | Corn 
No. for 1902 1902 | 1903 for 1904 1904 | 1905 
1 0? on See NOPOR Meas bt NONG seca. otc ett cus Seles 17.0) 02250 
Pe | UN Os 5 10.4 | 10.4 | Limestone, 4000 Ibs........ 1250 (P10! 


Limestone, 4000 Ibs....... 


ee PACE OOO MDS. 6.5. cs. 30.4 | 32.4 |) Kainit. 1200 Ibs 49.6 | 47.3 
4 |{Kainit, 600 Ibs........... Kainit, 1200 Ibs.......... 
Aciduiaeed bone, 350 lbs . 4 30.3 | 33.3 Steamed bone, 395 lbs..... 53.5 | 47.6 
5 | Potassium chlorid, 200 lbs. .| 31.2 | 33.9 | Potassium chlorid, 400 lbs. .| 48.5 | 52.7 
6 | Sodium chlorid, 700 lbs..... Tidal BES eM MINOME srekes die Ac nes zare e 24.0 | 22.1 
7 | Sodium chlorid, 700 lbs..... 1S. (te. 5 1 Kamit, 1200 lbs. ....8. oe... 44.5 | 47.3 
8 | Kainit, 600 Ibs............ 36.8 | 37.7 | Kainit, 600 Ibs............ 44.0 | 46.0 
Omueteainies00 lbs)... ...<.. s..- 26.41.25. 1>|\ Kamit, S00ibs. 25... 2. + 41.5 | 32.9 
HUME NOURME Etec tea! he. | 14:9 1 None... ...ccce. ude e ea eek. 26.0 | 13.6 


1No yield was taken in 1902 because of a misunderstanding. 
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The Soil Survey of Illinois was organized under the general aipaetarort 
of Professor Cyril G. Hopkins, with Professor Jeremiah G. Mosier directly 


in charge of soil classification and mapping. . After working in association 
on this undertaking for eighteen years, Professor Hopkins died ‘and Profes- 
sor Mosier followed two years later. The work of these two men enters 80 
intimately into the whole project of the Illinois Soil Survey that it is im- 
possible to disassociate their names from the individual county reports. 
Therefore recognition is hereby accorded Professors Hopkins and Mosier for 
their contribution to the work resulting in this publication. 
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INTRODUCTORY NOTE 


It is a matter of common observation that soils vary tremendously in their 


_ productive power, depending upon their physical condition, their chemical com- 


position, and their biological activities. For any comprehensive plan of soil 
improvement looking toward the permanent maintenance of our agricultural 
lands, a definite knowledge of the various existing kinds or types of soil is a 
first essential. It is the purpose of a soil survey to classify the various kinds of 
soil of a given area in such a manner as to permit definite characterization for 
description and for mapping. With the information that such a survey affords, 
every farmer or landowner of the surveyed area has at hand the basis for a 
rational system of improvement of his land. At the same time the Experiment 
Station is furnished an inventory of the soils of the state, upon which intelli- 


gently to base plans for those fundamental investigations so necessary for solving 
. the problems of practical soil improvement. 


This county soil report is one of a series reporting the results of the soil 
survey which, when completed, will cover the state of Illinois. Each county 
report is intended to be as nearly complete in itself as it is practicable to make 


it, even at the expense of some repetition. There is presented in the form of an 


Appendix a general discussion of the important principles of soil fertility, in 
order to help the farmer and landowner to understand the significance of the 
data furnished by the soil survey and to make intelligent application of the 
Same in the maintenance and improvement of the land. In many eases it will 
be of advantage to study the Appendix in advance of the soil report proper. 
Data from experiment fields representing the more extensive types of soil, 
and furnishing valuable information regarding effective practices in soil man- 
agement, are embodied in the form of a Supplement. This Supplement should 
be referred to in connection with the descriptions of the respective soil types 


found in the body of the report. 


While the authors must assume the SEE DOU bility for the presentation of 
this report, it should be understood that the material for the report represents 
the contribution of a considerable number of the present and former members 
of the Agronomy Department working in their respective lines of soil mapping, 
soil analysis, and experiment field investigation. In this connection special 
recognition is due the late Professor J. G. Mosier, under whose direction the soil 
survey of Woodford county was conducted, and Mr. F. A. Fisher who, as leader 
of the field party, was in direct charge of the mapping. 
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WOODFORD COUNTY SOILS 


By R.S. SMITH, E. E. DeTURK, F. C. BAUER, anv L. H. SMITH! 


LOCATION AND CLIMATE OF WOODFORD COUNTY 


Woodford county is located in the north-central part of Illinois. It is a 
medium-sized county, covering 531.62 square miles, the major portion of which is 
made up of dark-colored upland soil. 

The climate of Woodford county is typical of the general region in which it 
lies. It is characterized by a wide range between the extremes of winter and 
summer and by an abundant, well-distributed rainfall. The greatest range in 
temperature for any one year from 1913 to 1924 is 127 degrees in 1914. The 
highest temperature recorded was 107° in 1916; the lowest, 24° below zero in 
1924. The average date of the last killing frost in the spring is May 4; the 
earliest in the fall, October 10. The average length of the growing season is 
159 days. 

The average annual rainfall as recorded at Minonk from 1913 to 1924 was 
32.03 inches. The average rainfall by months for this period was as follows: 
January, 1.28 inches; February, 1.16; March, 2.29; April, 3.11; May, 3.89; 
June, 4.24; July, 2.80; August, 3.81; September, 3.33; October, 2.66; No- 
vember, 1.79; December, 1.67. 


AGRICULTURAL PRODUCTION 


Woodford county is one of the leading agricultural counties of the state. 
Slightly over 65 percent of the area of the county is productive, dark-colored 
soil, making it a typical corn-belt county. According to the Fourteenth Census 
of the United States, there were 1900 farms in the county in 1919. The number 
of farms shows a decrease of about 12 percent during the last two decades. In 
1919 about 54 percent of the farms were operated by tenants. There has been 
practically no change in the percentage of tenancy in the county during the last 
two decades. : 

The principal crops are corn and oats with an increasing acreage of the 
clovers and alfalfa. The following table shows the acreage and yield of the more 
important crops for 1919. 


Crops Acreage Production Yield per acre 
Oo ey el 94,802 4,112,186 bu. . 43.4 bu. 
CLEC oo ny A GIOIOOG CARCI Caen reece 72,524 2,235,263 bu. 30.8 bu. 
VNR no-n 5 Co OUGR Depa eae eee 16,488 320,314 bu. 19.4 bu. 
l}G.c_a oo.6 SOO UO eo BORE 2,080 25,040 bu. 12.0 bu. 
ME MVOUD Va ete) os ects scissile «sees os 4,325 5,912 tons 1.37 tons 
Timothy and cloved mixed..... 5,573 8,125 tons 1.46 tons 
COMO TM emote (cla}.e (eco alse Wiese) 2:6 Feuaye 8,140 12,084 tons 1.48 tons 
PLC ADO MAES, foils okers s/s) spe niere'sy<'s's 790 2,148 tons 2.72 tons 
SHIR) CHO OR? glo GD OCD ogee 1,298 9,568 tons 7.37 tons 


*R. S. Smith, in charge of soil survey mapping; E. E. DeTurk, in charge of soil analysis; 
i, C. Bauer, in charge of experiment fields; L. H. Smith, in charge of publications. 
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The U. S. Department of Agriculture reports the following average acre 
yields for the ten-year period 1911-1920: corn, 40.7 bushels; oats, 41.1 bushels; 
tame hay, 1.22 tons; winter wheat, 21.0 bushels. Thus it appears that the season 
of the Census year 1919 was fairly representative for the principal crops except 
for the oats, the yield of 30.8 bushels given for this crop being far too low to 
represent the average. 

Woodford county gives more attention to grain farming than to ecatdale 
The following figures taken from the 1920 Census show the character of the live- 
stock interests in Woodford county. 


Animals and Animal Products Number Value 
FL OVSES ws5 (a, ie SheveastS wie ote Sek Pe ee ee Clee eee 13,593 $1,348,978 
AVERTLGS ESE, cy S 6, cdavepe arecois? sakate eis anpeain e armaastaley Seas toes 542 62,500 
Beek cattle. x \-same ram aieeed ant tees eee ne WCRI HT* 787,089 
Dairyscattlesd. ss. fia dmc. <eias aeons Sebi aae 11,722 728,740 
SECO a0 ahs: « aici ie wiabe are adobe axsiass site ere aimee 4,436 60,926 
SUNG Ha) ile ete arte oO oie ona sae etal Meratenene ct arate 39,309 821,149 
Poultry sr: uo pets otenecmie we etante micwean- orem Trae 219,793 204,177 
Megs and. ChieKeMs $s cierasly gu 0+ \~ ievele of ve oteae ete me eae 520,028 


Dairy Proaucts’ ..... << vp ace wisest Sip les! sieve a le acer ae Crete 255,855 


SOIL FORMATION 


GEOLOGICAL ASPECTS 


One of the most important periods in the geological history of the county, 
from the standpoint of soil formation, was the Glacial period, during which and 
immediately following, the material that later formed the mineral portion of the 
soils was being deposited. During the Glacial period, great ice sheets moved 
southward from the centers of accumulation in Labrador, in the Hudson Bay 
region, and in the northern Rocky mountains. At least six great ice movements 
took place, each of which covered a part of northern United States, altho the same 
parts were not covered during each advance. 

Two of these great glacial advances, the Illinoisan and early Wisconsin, 
covered the area that now constitutes Woodford county. The glacial debris, 
known as till or drift, deposited by the Illinoisan ice sheet, was buried by the 
debris deposited by the more recent early Wisconsin ice sheet. Altho the 
Illinoisan drift does not enter into the composition of the soils of Woodford 
county, yet the Illinoisan glaciation probably had an important relation to the 
agricultural value of the soils of this county in that it acted as a leveling force, 
rubbing down the preglacial hills and filling the preglacial valleys. Information 
collected by the State Geological Survey from the few well borings available indi- 
cates that the drift extends to a depth of 125 to 150 feet over most of the county. 

The soils of Woodford county are of glacial origin. Those in the north- 
eastern part of the county are derived largely from glacial till and are known as 
drift soils, while those in the western and southern part of the county are derived 
from loess and are known as loessial soils. 

The separation between the loess and drift areas can be inden by a general 
line starting just north of Kappa, taking a westerly and northerly direction, 
swinging around to the east and north of Secor, then taking a northwesterly 
direction, swinging around south and west of Cazenovia, and then taking a 
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northeasterly direction, leaving the county at about the center of Section 6, ‘lown- 
ship 28 North, Range 1 East. This line of separation between the loess and drift 
areas is not shown on the soil map but can readily be sketched in from the above 
delineation. 

There is a close relation between the width of the bottom land along the 
Illinois river and the depth and extent of the loess on the adjacent upland. In 
the northwest corner of the county, the Illinois bottom is wide and to the east 
of this tract the loess is deeper than anywhere else in the county, reaching a 
depth of over 11 feet in the region of Washburn. In the vicinity of Metamora, 
the loess is about 8 feet deep and it gradually thins out to about 5 feet in depth 
in the region of Secor, Congerville, and Kappa. The extension of the loess to 
the eastward in the southern part of the county is apparently associated with 
the bottom land along the Mackinaw river and the extensive terrace formation 
in southern Tazewell and northern Mason counties. 

The character of the soil has been strongly influenced the character of 
its parent material. That a difference between the loess and drift areas exists 
is evident even to the casual observer from the difference in sweet clover growth 
along the roadsides. Carbonates occur at a depth of 30 to 40 inches in the drift 
area, while in the loess area no effervescence with acid occurs until a depth of 
from five to six feet is reached. The subsoil in the loess area is much more 
permeable than in the drift area, and the lime material was in a much more 
finely divided condition at the time the soil material was deposited, consequently 
leaching took place more rapidly and has progressed to a greater depth. 


Limestone Outcrops 


Altho a consideration of the rock formation does not lie within the province 
of this soil survey report, a bit of information concerning the presence of available 
limestone in Woodford county is inserted at this point because of its direct agri- 
cultural interest. 

According to Bulletin No, 46 of the Illinois State Geological Survey, lime- 
stone of Pennsylvanian age is reported as occurring in Woodford county as 
follows: 


Three feet of compact stone occur about 4 miles northwest of Metamora in Section 1, Town- 
ship 27 North, Range 3 West, along Partridge creek. 

Limestone 8 to 12 feet thick, bluish gray in color, may be found in a small quarry south- 
west of Secor in Sections 23 and 24, Township 26 North, Range 1 East. 

Stone similar to preceding is found in a small quarry in Section 33, Township 26 North, 
Range 1 East. 


PHYSIOGRAPHY AND DRAINAGE 


The general topography of the upland in Woodford county is undulating. 
Rolling topography is found only in belts along the main drainage channels, and 
on the moraines, particularly on the Bloomington moraine which crosses the south- 
western part of the county. Erosion has eaused the rolling topography along 
streams. The slopes are steep near the Illinois river bluff, and in places along the 
Mackinaw river channel. The topography in the terrace area is undulating, 
except for the rolling sand dune formations. The altitudes of some of the places 
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INTERMORAINAL, TERRACE, SWAMP, AND BoTTOM-LAND AREAS 


in Woodford county are as follows: Benson, 765 feet above sea level; Cazenovia, 
774; El Paso, 751; Eureka, 739; Goodfield, 748; Kappa, 773; Metamora, 814; 
Minonk, 745; Roanoke, 722; Secor, 744; Spring Bay, 490; Washburn, 695. 
The Illinois river valley lies some 200 feet below the general upland level. 

The entire county lies in the Illinois river basin. The central and eastern 
parts of the county do not drain directly into the river, however. Drainage in 
the northeastern corner of Minonk township (Township 28 North, Range 2 East) 
is northeast to Vermilion river, thence north to the Illinois. The central and 
southern parts of the county are drained by Mackinaw river thru its two main 
tributaries, Walnut and Panther creeks. Mackinaw river flows southwest, empty- 
ing into the Illinois about 30 miles south of the county. 

There were many shallow ponds, swamps, and poorly drained areas in the 
central and eastern parts of the county prior to its settlement. Artificial drain- 
age, principally tiling and deepening of the small ditches, removed this excess 
water so that now these areas can be farmed. Except for the swampy overflow 
land next to Illinois river, both the surface drainage and underdrainage of the 
whole county are good. 


SOIL DEVELOPMENT 


During the time which has elapsed since the last ice invasion, weathering 
and other processes have been active, resulting in the formation of the soils of the 
county as we know them today. When first deposited the general composition 
of any soil material, particularly loess, is rather uniform but with the passing 
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of time various physical chemical, and biological agencies of weathering form 
soil out of the parent material by some or all of the following processes: the leach- 
ing of certain elements, the accumulation of others; the chemical reduction of 
certain compounds, the oxidation of others; the translocation of the finer soil 
particles, and the arrangement of them into zones, or ‘‘horizons’’; the accumu- 
lation of organic matter from the growth and decay of vegetable material. One 
of the very pronounced characteristics observed in most soils is that they are 
composed of more or less distinct strata, called horizons. As explained somewhat 
more fully in the Appendix, these horizons are named, from the surface down: 
A, the layer of extraction; B, the layer of concentration or accumulation; and 
C, less-altered material, or the layer in which weathering has had less effect. The 
development of horizons in a soil is an indication of its age. 

Since the upland prairie of this region has been occupied, probably con- 
tinuously, by grass vegetation, relatively large amounts of organic matter have 
accumulated, resulting in the formation of productive dark-colored soils. The 
areas adjacent to streams, which have been occupied by timber, are light-colored 
because of the relative deficiency of the surface soil in organie matter. The 
bottom-land soils are made up, for the most part, of alluvial material brought 
down from the uplands of the immediate vicinity. These soils are to be regarded 
as relatively young or immature and therefore have not developed horizons as 
have the mature soils of the upland. 


SOIL GROUPS 
The soils of Woodford county are divided into four groups, as follows: 
Upland Prairie Soils, including the dark-colored upland soils. 
Upland Timber Soils, including the light-colored upland soils. 
Swamp and Bottom-Land Soils, including the overflow lands or flood plains 
along streams, the swamps, and the poorly drained lowlands. 
Terrace Soils, including alluvial deposits now above overflow. 


Table 1 gives the area of each soil type in Woodford county and its per- 
centage of the total area. It will be observed that 66.32 percent of the county 
consists of upland prairie, 22.29 percent of upland timber, 1.79 percent of terrace 
soils, 6.53 percent of bottom-land soils, and 3.09 percent grouped as miscellaneous, 
including river, swamp, mine dumps, and gravel pits. The accompanying map, 
appearing in two sections, shows the location and boundary lines of the various 
soil types. 

For explanations concerning the classification of soils and the interpretation 
of the map and tables, the reader is referred to the first part of the Appendix 
to this report. 
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Tasie 1.—Sort Tyres or Wooprorp County, ILurinor1s 


Soil Area in Area Percent 
type Name of type square in of total 
No. miles acres area 
Upland Prairie Soils (900, 1100) 
goer, Brown Sulina co oe oo oye es bie. ie tiene 310.29 198 586 53.38 
sa Black Clay: Lawton oss 40 cel eee ee 42.29 27 066 7.95 
1128 Brown-Gray Silt Loam On Tight Clay....-.. 04 26 01 
352 .62 . 225 678 66.32 
Upland Timber Soils (900, 1100) 
234) |vellow-Gray Silt Loam.........0....00000+. 67.86 43 430 12.77 
33) Wellow Bilt Toam...’... chu eee eee 49.58 31 731 9.31 
LEST Dine Sands css oo Pore ee ae .97 621 .18 
118.41 75 782 22.29 
Swamp and Bottom-Land Soils (1400) 
PAGES | Deep Peat. oi. cs pots «co ee ee eee .60 384 pal 
14765) (Drown Out Loam... 3. cee es eee oe eee 2.29 1 465 .42 
145A Woxed Loam... ..). 3. wii dete eee eee 31.76 19 607 5.98 
T4600 Brown Sandy Loam: .:.:./. <le aie eee = 70 02 
34.76 22 246 6.53 
Terrace Soils (1500) 
1527 |Brown Silt Loam Over Gravel............... 2.22 1 421 .42 
1526.4|Brown Silt Loam On Gravel................ 15 96 .02 
1566 |Brown Sandy Loam Over Gravel............ .20 128 04 
1560.4|Brown Sandy Loam On Gravel.............. 1.79 1 146 33 
1536 |Yellow-Gray Silt Loam Over Gravel......... 2.87 1 837 54 
1567 |Yellow-Gray Sandy Loam Over Gravel....... -48 307 09 
15808 paver Sand... 2s . serena eas ao aero: 1.70 1 088 33 
9.41 6 023 gs 
Miscellaneous 
BVO 5.5 BS A he ges eke Me OE eee 7.53 4 819 1.42 
SWAIND. . JN ~ chic Ce Pe ea be eee 8.84 5 657 1.66 
Mine’ Dunips. 2 42 dsteat fae e eer eee .03 19 . 006 
Gravel pite:. ‘ucts. Gast e (eae eee eee .02 ais . 004 
16.42 10 508 3.09 
Totals.) as ea ae oe ee 531.62 340 237 100.00 


1Including associated types described in the text but not differentiated on the map. 


INVOICE OF THE ELEMENTS OF PLANT FOOD IN 
WOODFORD COUNTY SOILS 


In order to obtain a knowledge of its chemical composition, each soil type 
is sampled in the manner described below and subjected to chemical analysis for 
its important plant-food elements. For this purpose samples are taken usually 
in sets of three to represent different strata in the top 40 inches of soil; namely, 
an upper stratum (0 to 624 inches), a middle stratum (624 to 20 inches), and a 
lower stratum (20 to 40 inches). These sampling strata correspond approxi- 
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mately in the common kinds of soil to 2 million pounds per acre of dry soil in 
the upper stratum, and to two times and three times this quantity in the middle 
and lower strata, respectively. This, of course, is a purely arbitrary division of 
the soil section, very useful in arriving at a knowledge of the quantity and distri- 
bution of the elements of plant food in the soil, but it should be borne in mind 
that these strata seldom coincide with the natural strata as they actually exist 
in the soil and which are referred to in describing the soil types as horizons 
A, B, and C (see page 24). By this system of sampling we have repiesented 
separately three zones for plant feeding. The surface layer includes at least 
as much soil as is ordinarily turned with the plow, and this is the part with 
which the farm manure, limestone, phosphate, or other fertilizing material is 
incorporated. 

The chemical analysis of a soil, obtained by the methods here employed, gives 
the invoice of the total stock of the several plant-food materials actually present 
in the soil strata sampled and analyzed. It should be understood, however, that 
the rate of liberation from their insoluble forms, a matter of at least equal im- 
portance, is governed by many factors, and is therefore not necessarily propor- 
tional to the total amounts present. 

For convenience in making application of the chemical analyses, the results 
as presented here have been translated from the percentage basis and are given 
in the accompanying tables in terms of pounds per acre. In doing this, the 
assumption is made that for ordinary types a stratum of dry soil of the area 
of an acre and 6% inches thick weighs 2 million pounds. It is understood, of 
course, that this value is only an approximation, but it is believed that with this 
understanding, it will suffice for the purpose intended. It is, of course, a simple 
- matter to convert these figures back to the pr oonines basis in ease one desires to 
consider the information in that form. 

With respect to the presence of limestone and acidity in different strata, no 
attempt is made to include in the tabulated results figures purporting to represent 
their averages for the respective types, because of the extreme variations fre- 
quently found within a given soil type. In examining each soil type in the field, 
however, numerous qualitative tests are made which furnish general information 
regarding the soil reaction, and in the discussion of the individual soil types 
which follow, recommendations based upon these tests are given concerning the 
lime requirement of the respective types. Such recommendations cannot be made 
specific in all cases because local variations exist, and because the lime requirement 
may change from time to time, especially under cropping and soil treatment. 
It is often desirable, therefore, to determine the lime requirement for a given 
field, and in this connection the reader is referred to the section in the Appendix 
dealing with the application of limestone (page 31). 


THE UPPER SAMPLING STRATUM 
- In Table 2 are reported the amounts of organic carbon, nitrogen, phosphorus, 
sulfur, potassium, magnesium, and calcium in 2 million pounds of the surface 
soil of each type in Woodford county. 
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In connection with this table attention is called to the variation among the 
soil types with respect to their content of the different plant-food elements. It 
will be seen from the analyses that variations in the organic-carbon content of 
the different soils are accompanied by similar variations in the nitrogen content. 
The organic carbon content, which serves as a measure of the total organic 
matter present, is usually from 10 to 12 times that of the total nitrogen. This 
relationship is explained by the well-established facts that all soil organic matter 
contains nitrogen, and that most of the soil nitrogen (usually 98 percent or more) 
is present in a state of organic combination. This close relationship is also main- 
tained in the middle and lower sampling strata. 

Woodford county soils have a wide range in content of organie-matter and 
nitrogen. The upland prairie soils are for the most part relatively high in these 
constituents. THe upland timber soils are generally fairly low, whereas the 
swamp, bottom-land, and terrace soils show extreme variations. The sand soils 
are the lowest of all, regardless of where they occur. Thus the upland Dune Sand 
contains but 5,480 pounds an acre of organic carbon and 680 pounds of nitrogen. 
The River Sand of the terrace is somewhat higher in organic carbon, but is much 
below the types of finer texture. Dune Sand is, in fact, but little more than the 
skeleton of a soil and cannot by any practical means be brought up to a state of 
productiveness without first getting an accumulation of organie matter in it, 
and continuing with subsequent additions. The soil is usually acid and hence 
limestone and legume green manures constitute the first and most important 
step in converting it into a productive soil. 

Black Clay Loam has more organic carbon in the upper layer than any 
other soil in the county except Deep Peat, which is made up largely of organic 
matter. The organic carbon of the Black Clay Loam amounts to 82,510 pounds an . 
acre, with a corresponding nitrogen content of 7,070 pounds. While such soils as 
this will withstand more abuse by the practice of ‘‘soil robbing’’ methods of farm- 
ing and are not so greatly in need of additions of organic materials as are soils 
containing 20,000 to 30,000 pounds of organic carbon, yet the use of manure and 
the systematic growing of legumes for pasture and plowing down serve to renew 
the active organic material in the soil in a way which is reflected in increases of 
crop yields. Excluding Dune Sand, discussed above, the upland timber soils of 
Woodford county average only 26,260 pounds of organic carbon and 2,260 pounds 
of nitrogen an acre in the surface 2 million pounds of soil, as compared with 62,850 
and 5,170 pounds of these two elements respectively in the upland prairie soils. 

Other constituents are not so closely associated with each other as organic 
matter and nitrogen. However, there is some degree of correlation between sul- 
fur, another element used by growing plants, and organic carbon. This is be- 
cause a considerable, tho varying, proportion of the sulfur in the soil exists in the 
organic form, that is, as a constituent of the organic matter. 

Most of the Woodford county soils are fairly well supplied with sulfur. It 
ranges, in the surface soil, from the very low figure of 160 pounds to 5,900 pounds 
an acre. With the exception of Deep Peat, which contains a very large amount 
of sulfur, the sulfur content amounts to between one-half and two-thirds that of 
phosphorus. © The sulfur available to crops is affected not only by the soil supply, 
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but also by that brought down from the atmosphere by rain. Sulfur dioxid 
escapes into the air in the gaseous products from the burning of all kinds of fuel, 
particularly coal. The gaseous sulfur dioxid is soluble in water and consequently 
it is dissolved out of the air by rain and brought to the earth. In regions of 
large coal consumption the amount of sulfur thus added to the soil is relatively 
large. At Urbana, during the eight-year period from 1917 to 1924, there was 
added to the soil by the rainfall, 3.5 pounds of sulfur an acre as a monthly 
average. Similar observations have been made in other localities for shorter 
periods. At Carlinville, in Macoupin county, the rainfall for seven months, April 
to October, 1922, brought down 34.85 pounds of sulfur an acre, or an average of 
5 pounds a month. At Toledo, Cumberland county, from April to November, 
1922, the average precipitation was 3 pounds an acre a month. The precipitation 
at the various points in the state in a single month has varied from a minimum 
of .74 of a pound to 10.22 pounds an acre. 

The above figures will afford some idea of the amount of sulfur added by 
rain and also of the wide variation in these amounts under different conditions. 
On the whole, these facts would indicate that the sulfur added from the atmos- 
phere supplements that contained in the soil, so that for the most part there is 
probably no need for sulfur fertilizers in Woodford county. In order to deter- 
mine definitely the response of crops to applications of sulfur fertilizers, experi- 
ments with gypsum have been started at five experimental fields; namely, 
Raleigh, Toledo, Carthage, Hartsburg, and Dixon. 

The upland timber soils are deficient in phosphorus, the amounts in the 
surface soil ranging from 320 pounds to 800 pounds per 2 million pounds of soil. 
River Sand and Yellow-Gray Silt Loam Over Gravel in the terrace are likewise 
deficient. These deficiencies would indicate the probable need for phosphate 
fertilization on these soils, as mentioned in the discussion of these types. The 
rest of the soil types in the county are fairly well supplied with total phosphorus. 

Deep Peat, as is usually the case, is deficient in potassium, there being only 
6,880 pounds in the surface 624-inch stratum. Other types, excepting Dune Sand 
and River Sand, contain rather more potassium than is usually the case, the aver- 
age, eliminating these low types, being 44,530 pounds per 2 million pounds of soil. 
The sand soils, while containing a total amount of potassium which should be 
sufficient for crop production, carry a large proportion of it in the coarse sand 
grains. The relatively small surface exposed in the case of the coarse particles 
greatly lowers the solubility and availability of the potassium in sand soils. 
This is partly offset, however, by the greater depth of the feeding zone for crop 
roots in sandy soils as compared with the heavier types. 

Both calcium and magnesium are fairly well supplied in the soils of Wood- 
ford county. The supply of calcium in the upper 6% inches of soil ranges from 
5,920 to 72,170 pounds, and the supply of magnesium from 2,340 to 18,860 pounds. 


THE MIDDLE AND LOWER SAMPLING STRATA 
In Tables 3 and 4 are recorded the amounts of the plant-food elements in 
the middle and lower sampling strata. In comparing these strata with the upper 
stratum, or with each other, it is necessary to bear in mind that the data as given 
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for the middle and lower sampling strata are on the basis of 4 million and 6 
million pounds of soil, and should therefore be divided by two and three re- 
spectively before comparing them with each other or with the data for the upper 
stratum, which is on a basis of 2 million pounds. 

Considering the data in this way and comparing the three strata with each 
other, it will be noted that some of the elements remain practically constant in 
‘amount thruout the entire depth sampled. Others exhibit more or less marked 
variation at the different levels. Furthermore, these variations usually go in 
certain general directions, and by a careful study of them it is frequently possible 
to obtain clues as to the age or stage of maturity of the various soils, the agri- 
cultural importance and needs, and the nature of the processes going on in soil 
formation. 7 


TABLE 2,—PLANT-Foop ELEMENTS IN THE Sorts oF Wooprorp County, ILLInois 
Upper SAMPLING STRATUM: ABOUT 0 TO 624 INCHES 


Average pounds per acre in 2 million pounds of soil 


Soil Total | Total | Total Total | Total 
type Soil type organic | nitro- | phos- Br potas- | magne- ea 
No. carbon | gen |phorus sium | sium |°@ cum 
Upland Prairie Soils (900, 1100) 
te Brown Silt Loam.............- 57 410| 4 450] 1 020) 1 410| 43 440] 7 240] 10 730 
ft 20 }Black Clay Loam. >. 7 7. anew 82 510] 7 070) 2 030} 1 400] 45 770] 11 250] 39 810 
1128 |Brown-Gray Silt Loam On Tight 
Clary, he adap dae ok de eee 48 640! 3 9801 1 00C} 68C! 50 920! 6 O3C] 10 680 
Upland Timber Soils (900, 1100) 
1134} Yellow-Gray Silt Loam......... 29 900] 2 530} 800! 610) 48 450] 4 860! 9 170 
1135— .|\Yellow Sut Loam... a. asec se 22 620) 1 990 690 380) 51 010) 8 160} 13 820 
PEST ee TOE SAIL... eerten a(8 ee ae eee 5 480 680 320 180} 31 420} 9 540} 6 520 
Swamp and Bottom-Land Soils (1400) 
HAO S| Deep Peat) ce aaa eee eee 309 860/27 700} 1 020} 5 900} 6 880] 6 330} 72 170 
1426 |Brown sut Loam. aso seeo as 49 240) 4 180} 1 680} 600] 51 340) 18 860} 27 820 
1454 |Mixed Loam?...2./....0..0..53 Joel eae. ag |..e el al. 0 rr 
1460 |Brown Sandy Loam............ 27 180] 2 280} 1 220 320| 39 600] 15 980} 30 500 


Terrace Soils (1500) 


1527 _|Brown Silt Loam Over Gravel...| 51 730) 4 030} 1 490} 790] 44 780] 8 010] 11 010 
1526.4|Brown Silt Loam On Gravel....| 33 200] 2 720} 1 300} 620] 34 800] 6 820] 9 270 
1566 |Brown Sandy Loam Over Gravel] 24 120) 2 040} 700} 400) 44 740) 4 260) 8 800 
1560.4/Brown Sandy Loam On Gravel. .| 42 240] 3 790} 1 580} 870] 31 900] 8 620] 9 830 
1536 | Yellow-Gray Silt Loam Over 
Gravel io o72ncsee ne cee 21 580] 1 800} 730} 360) 40 260) 3 960) 7 360 
fos0.' |\|River:Sand v2" 50 ae ee eee 10 620} 760} 460} 160) 29 960} 2 340] 5 920 


LIMESTONE and SOIL ACIDITY.—In connection with these tabulated data, it should be 
explained that the figures for limestone content and soil acidity are omitted not because of any 
lack of importance of these factors, but rather because of the peculiar difficulty of presenting in 
the form of general numerical averages reliable information concerning the limestone require- 
ment for a given soil type. A general statement, however, will be found concerning the lime 
requirement of the respective soil types in connection with the discussions which follow. 


‘Amounts reported for Deep Peat are for 1 million pounds of soil. 
2On account of the heterogeneous character of Mixed Loam, chemical data are not included 
for this type. ; 
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With the exception of Deep Peat all of the soil types diminish rather rapidly 
in organic matter and nitrogen with increasing depth, and this diminution is 
very marked even in the middle stratum. The sulfur content decreases markedly 
with increasing depth except in the case of Deep Peat. This is to be expected 
since a portion of the sulfur exists in combination with the soil organic matter, 
and inorganic forms of sulfur are not tenaciously retained by the soil against the 
leaching action of ground water. Phosphorus, on the other hand, is not removed 
from the soil by leaching. It is converted by growing plants into organic forms 
and tends to accumulate in the surface soil in these forms in plant residues at 
the expense of the underlying strata. Consequently, in the majority of the soil 
types in Woodford county the surface soil contains a larger proportionate amount 
of phosphorus than the middle and lower strata. 

The content of potassium in the different depths varies only slightly, but 
the other two important basic elements, calcium and magnesium, have undergone 
some shifting in the different levels, as exhibited by analyses of upland types. 
The calcium content, on the whole, is much higher than that of magnesium, indi- 
eating a more abundant supply of calcium in the soil-forming materials. How- 
ever, with the exception of Yellow Silt Loam, which is alkaline in the middle and 


TABLE 3.—PLANT-Foop ELEMENTS IN THE Sorts or WooprorD County, ILLINOIS 
MrppLe SAmMpuinG Stratum: ABout 624 To 20 INcHES 


Average pounds per acre in 4 million pounds of soil 


Soil Total | Total | Total Total Total | Total Total 
type Soil type organic | nitro- | phos- Ifur | Potas- | magne- ere 
No. carbon | gen |phorus|S“™ "| sium | sium |°™C!U™ 
Upland Prairie Soils (900, 1100) 
oe Brown Silt Loam.............. 74 980| 6 430| 1 620] 1 360| 85 540| 18 320| 21 340 
20) ibiaew Clay Loam... ........... 83 400) 7 300) 3 100) 1 420] 98 330) 23 700} 52 770 
1128 |Brown-Gray Silt Loam On Tight 
(CHENY “a, Seed Oe 52 520) 4 560) 1 520 880/104 880} 18 400} 20 440 
Upland Timber Soils (900, 1100) 
fis} Yellow-Gray Silt Loam......... 24 640] 2 560| 1 420] —780|102 750| 14 080| 15 760 
Misomivellowsiltoam..:.....0..0- 21 420) 2 400] 1 510 710) 93 910} 21 170) 52 080 
SESE S| WOSaes SEN 7 440 760} 960 520} 64 680] 6 O80} 12 080 
Swamp and Bottom-Land Soils (1400) 
WA MCCDRECAU ces ccs ee we 790 300/62 200] 1 620/16 760] 10 340] 9 420/138 760 
1AZGee Browamoit Loam 6. 100 080} 8 440] 3 440) 1 360/105 400} 36 440) 50 920 
ee CAI ia Mee i es ea ewavenn'|| sec carses ail\envtersie's |i aac wade vee sfsveacnw s[eis Hates] ia calles 
1460 |Brown Sandy Loam............ 37 080) 3 280} 2 120 520] 69 760} 39 040} 83 960 
Terrace Soils (1500) 
1527 |Brown Silt Loam Over Gravel...| 71 010] 6 130) 2 590] 1 060] 93 960] 19 980) 19 980 
1526.4|Brown Silt Loam On Gravel. ...| 49 600} 4 380) 2 260} 1 040] 69 420) 16 140} 18 260 
1566 |Brown Sandy Loam Over Gravel} 46 400} 4 000) 1 160 960) 78 880} 9 800} 20 080 
1560.4|/Brown Sandy Loam On Gravel. .| 66 210} 4 900) 2 120} 1 240) 66 730) 17 100} 15 450 
1536 |Yellow-Gray Silt Loam Over 
‘CUERTG Es ach bic eee 22 760) 2 180) 1 460 620) 87 140) 14 540) 15 240 
MSO ME REVET USAC, ssc s sis ce.at si hee 16 720| 1 200] 1 040 440} 55 240] 6 040] 12 040 


LIMESTONE and SOIL ACIDITY.—See note in Table 2. 


1Amounts reported for Deep Peat are for 2 million pounds of soil. _ ‘ 
_ 2On account of the heterogeneous character of Mixed Loam, chemical data are not included 
for this type. 
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lower strata, carrying considerable quantities of calcium carbonate, the calcium 
content diminishes in the middle stratum as compared with the upper. This is 
accompanied by an increase in the magnesium content in both the middle and 
lower strata. As these two elements leach downward thru the soil, magnesium 
is more readily absorbed by the soil mass than calcium, thus forcing the latter out 
into the solution to be carried farther down. Consequently calcium does not 
begin to accumulate until it reaches the lowest level, and in counties farther south, 
with greater rainfall, it is carried down several feet or washed away entirely. 
The terrace soils are beginning to show the results of this process, but in the 
bottom-land soils these changes are completely masked by the effects of overflow. 

It is frequently of interest to know the total supply of a plant-food element 
accessible to the growing crops. While it is not possible to obtain this information 
exactly, especially for the deeper rooted crops, it seems probable that practically 
all the feeding range of the roots of most of our common field crops is included 
in the upper 40 inches of soil. By adding together for a given soil type the 
corresponding figures in Tables 2, 3, and 4, the total amounts of the respective 
plant-food elements to a depth of 40 inches may be ascertained. 


TABLE 4.—PtLANntT-Foop ELEMENTS IN THE SoIts oF Wooprorp County, ILLINOIS 
Lower SAMPLING STRATUM: ABouT 20 To 40 INCHES 


Average pounds per acre in 6 million pounds of soil 


Soil Total | Total | Total Total | Total 
. ; s Total Total 
type Soil type organic | nitro- | phos- potas- | magne- : 
No. earbon | gen |phorus sulfur sium | sium calcium 
Upland Prairie Soils (900, 1100) 
bial Brown Silt Loatt'..40..45. 3.5. 40 260| 3 750| 2 020| 970|136 290| 42 330] 44 440 
20) ||Black Clay Whoamler cn sarees 31 250) 3 450} 3 560) 1 020)148 430) 39 360) 63 950 
1128 |Brown-Gray Silt Loam On Tight 
Clay =... ecoe oe ee 33 900| 3 720] 2 760 780|169 680| 438 860) 37 980 
Upland Timber Soils (900, 1100) 
on Yellow-Gray Silt Loam......... 25 500| 2 490] 2 270| 920/153 810] 37 070] 28 500 
sho (Vellowasilteloanl see. eran 21 440} 2 240) 2 180} 1 020/131 760} 54 080/162 700 
AUS 1 es, Dune San dis, ola eee See 1 7 880 840|} 1 500 660} 81 300} 10 560} 15 780 
Swamp and Bottom-Land Soils (1400) 
AAO Deep: Peat! 35 hei sateen 1 351 O05C| 9 OOO] 1 890]41 100] 19 500] 15 300/168 180 
1426s Brownolishoams are. ae 74 700} 6 360} 4 140} 1 260}146 460] 73 680/119 100 
1454" (Mixed Loam?...... 0.0 6c. cis ou cfs cies eres eae ablsccllle wre ¢ ville ay eltlell eae errr 
1460 |Brown Sandy Loam.......... 30 000} 2 100} 2 400 900}110 880} 48 420]121 680 


Terrace Soils (1500) 


1527 |Brown Silt Loam Over Gravel...| 58 600] 5 180] 3 440] 1 110/138 040| 42 000) 30 180 
1526.4|Brown Silt Loam On Gravel. ...| 54 780) 5 340} 3 480} 2 040) 97 740) 42 660) 28 320 
1566 |Brown Sandy Loam Over Gravel] 36 660) 3 000} 1 800} 840/139 560) 19 980) 19 200 
1560.4|Brown Sandy Loam On Gravel. .| 43 510) 3 720} 2 400} 1 200] 88 800) 17 700) 23 540 
1536 |Yellow-Gray Silt Loam Over 
Gravel Eko eee tie, eae ee 22 920} 2 100} 2 490} 780/121 230) 21 780) 22 680 
to SOM EOkVier. Sam cw ene se in beet 13 260] 1 320} 840} 420] 81 340] 4 320) 21 060 


LIMESTONE and SOIL ACIDITY.—See note in Table 2. 


1Amounts reported for Deep Peat are for 3 million pounds of soil. 
2On account.of the heterogeneous character of Mixed Loam, chemical data are not included 
for this type. 
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Examined in this way the tables reveal that there is not only a wide diversity 
among the different soils with respect to a given plant-food element, but that 
there is also a great variation with respect to the relative abundance of the various 
elements within a given soil type as measured by crop requirements. For ex- 
ample, in the analyses as given for Brown Silt Loam, Upland, we find that the 
total quantity of nitrogen in an acre to a depth of 40 inches amounts to 14,630 
pounds. This is about the amount of nitrogen contained in the same number of 
bushels of corn. The amount of phosphorus, 4,660 pounds, contained in the same 
soil is equivalent to that contained in 27,410 bushels of corn, while the amount 
of potassium present is 265,270 pounds, the equivalent of that contained in nearly 
114% million bushels of corn. In marked contrast to this soil, with respect to 
nitrogen, is the Yellow Silt Loam, which contains in the 40-inch stratum approxi- 
mately 6,630 pounds an acre of nitrogen, an amount equal to that in 6,630 bushels 
of corn. The phosphorus content is about the same as that of Brown Silt Loam, 
namely, 4,380 pounds in an acre, equivalent to that contained in 25,760 bushels 
of corn. The potassium content of the two soil types is also approximately equal. 
The calcium content is not of so much significance in connection with corn as with 
legumes. Brown Silt Loam contains in the 40-inch stratum 76,510 pounds of 
calcium an acre, while Yellow Silt Loam contains 228,600 pounds. Since a ton 
of red clover hay contains approximately 29 pounds of calcium the above amounts 
are equivalent, respectively, to 2,640 and 7,950 tons of clover hay. This wide 
variation in amounts of calcium in the two soil types is accounted for by the 
presence of calcium carbonate in the lower sampling stratum of Yellow Silt Loam, 
while in Brown Silt Loam it has been leached out to a depth greater than 40 
inches. As a matter of fact, since the carbonate in the soil is largely calcium 
carbonate, soils showing the presence of carbonate invariably contain large quan- 
tities of calcium. For example, it has been found in examining the individual 
analyses of Woodford county soils that the non-carbonate soils range in calcium 
content from 34,000 pounds an acre up to 78,000 pounds, in the 40-inch stratum, 
while with the carbonate-containing soils the range is from 47,000 pounds to 
592,000 pounds. Only two samples, however, fell below the 78,000-pound level. 

The above statements are not intended to imply that it is possible to predict 
how long it might be before a certain soil would become exhausted under a given 
system of cropping. Neither do the figures necessarily indicate the immediate 
procedure to be followed in the improvement of a soil, for other factors enter 
into consideration, aside from merely the amount of plant-f6od elements present 
in the soil. Much depends upon the nature of the crops to be grown, as to their 
utilization of plant-food materials, and much depends upon the condition of the 
plant-food substances themselves as to their availability. Finally, in planning 
the detailed procedure for the improvement of a soil, there enter for consideration 
all the economic factors involved in any fertilizer treatment. Such figures do, 
however, furnish an inventory of the total stocks of the plant-food elements that 
ean possibly be drawn upon, and in this way contribute fundamental information 
for the intelligent planning, in a broad way, of systems of soil management for 
conserving and improving the fertility of the land. 
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DESCRIPTION OF SOIL TYPES 


The soil map upon which this report is based was completed in 1917. Dur- 
ing the years which have elapsed since the survey was made, the knowledge of 
soils has increased very materially, particularly with reference to soil classifica- 
tion. At the present time several of the types shown on the map,’ notably Brown 
Silt Loam, Black Clay Loam, and Yellow-Gray Silt Loam, are each considered to 
include two or more types. For the purposes of this report, these types, which 
are now recognized but not shown on the map, will be deseribed and their 
topographic position stated so that they may be recognized in the field. 


UPLAND PRAIRIE SOILS 


The upland prairie soils of Woodford county occupy 352.62 square miles, or 
66.32 percent of the area of the county. 

The dark color of prairie soils is due to the accumulation of organic matter, 
which is derived very largely from the fibrous roots of prairie grasses. The net- 
work of grass roots was protected from rapid and complete decay owing to the 
rather effective exclusion of oxygen by the covering of fine, moist soil, and by 
the mat of vegetative material formed by old grass stems and leaves. On the 
native prairies the stems and leaves of the grasses were in part burned by prairie 
fires or were lost in part thru decay, so that they actually added little organic 
matter to the soil; however, the protection afforded by this mat of constantly 
renewed, decaying material was of importance in retarding the decay of the 
roots. From a sample of virgin bluestem sod, one of the most common prairie 
grasses, it has been determined that an acre of this soil to a depth of 7 inches may 
contain as high as 1314 tons of roots. 


Brown Silt Loam (926, 1126) 


Brown Silt Loam, Upland, as mapped, is the most extensive type in Wood- 
ford county. The portion of the type found in the loess area, as deseribed in the 
section on Geological Aspects (page 2) is markedly different from that found 
in the drift area. In the loessial portion of the type it is much deeper to car- 
bonate, averaging 60 to 70 inches as compared with 30 to 40 inches in the drift 
area ; the B horizon is less mottled, and less compact and heavy; and the C horizon 
is a very friable, fine sandy loam, while in the drift area it is a compact sandy 
and gravelly clay. The A horizon of Brown Silt Loam in the two areas, loess and 
drift, is not significantly different, at least in so far as characteristics which can 
be observed in the field are concerned. 


Types of the Loess Area 


In the loess area, the soil which was mapped originally as Brown Silt Loam is 
now separated into three types, as follows: Light Brown Silt Loam, Brown Silt 
Loam, and Brown Silt Loam On Clay. 

Light Brown Silt Loam occurs on the higher areas and has always been well 
drained. The A, horizon, which is about 10 to 12 inches deep, is a light brown 
silt loam. The A, horizon, which extends to a depth of about 20 to 22 inches, 
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is a slightly yellowish brown silt loam. The B horizon is a non-mottled, non- 
compact, reddish yellow silt loam or silty clay loam, and the C horizon is a very 
friable, slightly mottled, fine sandy loam, passing into highly calcareous fine sandy 
loam at about 60 inches. 


Management.—This type is similar to the soil of a considerable portion of the 
Mt. Morris experiment field. On this field, manure alone has given excellent 
returns, and when limestone has been applied in addition to the manure, a further 
increase has resulted, which has been sufficiently large to pay a handsome profit 
on the limestone. Residues alone have increased the yields of .corn and oats, but 
the data from this field indicate clearly that if residues and green manures are 
used as the chief source of nitrogen and organic matter on this soil, limestone 
must also be included in the system. The crop increases following the use of 
limestone and green manure are large, exceeding the increases following the use 
of stable manure and limestone. Rock phosphate has not caused sufficient in- 
crease in yield on the Mt. Morris field to pay for its cost. The reader is referred 
to page 42 for a further discussion of the results from this field. The available 
information indicates that, for the present at least, Light Brown Silt Loam 
should be treated with 2 to 3 tons of limestone an acre followed by the regular 
growth of clover, preferably sweet clover, and the application of all available 
manure. It is suggested that, in addition, trial be made of the phosphates for 
wheat. A discussion of the various phosphates will be found in the Appendix 
on page 34. 


Brown Silt Loam occurs on positions of intermediate topographic expression. 
The A, horizon, about 10 inches deep, is a brown silt loam, passing into a some- 
what heavier, light brown silt loam which frequently becomes reddish brown at 
about 14 inches. The B horizon begins at 20 to 22 inches, and extends to 28 to 
33 inches in depth. It is a medium-mottled, yellow or yellowish brown clay 
loam, medium compact, and only slightly plastic. The C horizon is a mottled, 
pale yellow, friable silt loam with reddish brown iron concretions, and passes into 
fine sandy loam which becomes highly calcareous at about 60 inches. 


Management.—This type is similar to the soil on the Kewanee experiment 
field. The results from this field (page 43) show a good response to manure alone 
and to residues and lime in combination. Where lime was used in addition to 
manure, an additional increase in yield was secured, but the increase was not so 
large as where lime was used in addition to residues. This behavior indicates 
that manure satisfies in part the same deficiency that lime satisfies on this medium- 
acid soil. The returns from the use of rock phosphate on this field are not such 
as to justify its unqualified recommendation. This is particularly true in the 
manure system. Where green manures were the source of nitrogen and organic 
matter, rock phosphate gave just about sufficient increase in yield to pay for its 
cost when used at the rate of one ton an acre once in the rotation. Fhe Rloom- 
ington experiment field is located in part on this same type of soil. The results 
from this field (page 44), on which bone meal is the phosphate carrier used, 
show excellent returns for phosphorus and lead to the recommendation that. one 
of the more soluble phosphates, steamed bone meal, acid phosphate, or basic slag, 
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be given a trial for wheat. The reader is referred to the discussion of these 
materials on page 34. 


Brown Silt Loam On Clay occurs on the flatter areas and was formed under 
conditions of intermittently poor drainage. The A, horizon of this|type is a dark 
brown silt loam, sometimes showing a slightly gray cast when dry. At about 
10 inches in depth the color becomes somewhat lighter and at about 18 inches it 
becomes distinetly yellowish brown. The B horizon begins at about 21 inches and 
extends to about 30 inches. It is a strongly mottled, pale yellow, compact, 
medium-plastie clay. The C horizon is a strongly mottled, reddish brown or 
yellow, friable silt loam. 

Management.—The Brown Silt Loam On Clay is less acid than either of the 
types above described. It will usually grow red clover without lime but will not 
grow either sweet clover or alfalfa without the application of lime. It is better ” 
supplied with organic matter and nitrogen than either of the types above 
described. There is no experiment field in the state located on this soil type, 
consequently no definite recommendations can be made for its treatment other 
than the use of lime as needed and the regular return of fresh organic matter. 


Types of the Drift Area 


In the drift area the soil which was mapped as Brown Silt Loam is now 
separated into two types as follows: Brown Silt Loam On Drift and Brown Silt 
Loam On Caleareous Drift. 


Brown Silt Loam On Drift has a brown silt loam A, horizon to a depth of 
about 8 inches and frequently contains a limited number of chert and other rock 
fragments. The A, horizon is a yellowish brown silt loam containing some rock 
fragments and extends to a depth of about 18 or 20 inches. The B horizon is 
a medium-mottled, dark yellow, sandy and gravelly clay, medium compact and 
slightly plastic. The C horizon is a yellow, sandy, gravelly clay loam, fairly 
friable, and not much compacted. 

In certain portions of the county a caleareous phase of the above type occurs, 
to which no name has yet been assigned. 

Management.—There is no experiment field located on precisely this soil 
type. However, with allowance for a somewhat greater lime requirement in 
general, it is reasonable to suppose that management methods suitable for the 
associated type described immediately below would apply to this type also. 


Brown Silt Loam On Calcareous Drift has a darker colored A, horizon than 
the preceding type and is heavier and more strongly mottled in the B horizon. 
It occurs on somewhat lower ground than Brown Silt Loam On Drift and is always 
calcareous within the three-foot section. The A, horizon to a depth of about 8 
inches is a dark brown silt loam. The A, horizon to about 15 inches in depth is 
a brown silt loam and then changes to a yellowish brown silt loam. The B horizon 
is a yellow or brownish yellow clay or clay loam, compact, medium plastic, and 
medium mottled. The C horizon, beginning at about 25 or 30 inches, is a mottled, 
brownish pale yellow, fairly compact but medium friable, highly calcareous, 
gravelly and sandy clay loam. 4 
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Management.—The Joliet experiment field is located on soil similar to this 
type. The results of experiments on this field which may be found on page 46, 
show excellent returns from manure and from lime used with manure, fair 
returns from crop residues including green manure, or from residues and lime, 
and excellent returns from rock phosphate, particularly in the residues system. 
The beneficial effect on corn from the potassium treatment suggests the use in an 
experimental way of one of the potash salts applied at the rate of about 100 
pounds an acre to the corn crop. 


Black Clay Loam (920, 1120) 


Black Clay Loam occupies 42.29 square miles in Woodford county, or 7.95 
percent of the area of the county. It falls naturally into two groups, one in 
the loess area and another in the drift area; and each of these two groups, as it 
occurs in this county, is now recognized to include two types. 

In the loess area, this soil as now mapped would be classified as Black Clay 
Loam On Drab Clay, and Black Clay Loam. In the drift area, this soil as now 
mapped would be classified as Black Clay Loam On Drab Clay, and Black Clay 
Loam On Plastic Calcareous Drift. 

These types are more difficult to distinguish than those described under 
Brown Silt Loam because their occurrence is not associated with characteristic 
topographic expressions. For this reason, the following generalized description 
of the type as it is mapped will be given instead of each type as it actually exists. 

The A, horizon is 10 to 12 inches deep, and is a dark brown to black clay 
loam. The A, horizon.usually extends to a depth of about 20 inches, is drabbish 
black in color, and is somewhat heavier than the A, horizon. It usually contains 
small yellow spots and in the lighter portions of the type is distinctly yellow 
instead of drabbish black. The B horizon in the heavier portions of the type is 
a gray or heavily mottled, compact, and plastic clay, while in the lighter portions 
it is a strongly mottled yellow, compact, medium-plastie clay or clay loam. 

Management.—The primary requirement to be met in the management of 
Black Clay Loam as it oceurs in Woodford county is the regular addition of 
organic matter to maintain a good physical condition. Both manure and green 
manures may be used for this purpose, as shown by the results secured on the 
Minonk and Hartsburg experiment fields. The soil of the Minonk field (page 47) 
is similar to the Black Clay Loam of the drift area while the soil of the Hartsburg 
field is more nearly like that of the loess area. There has been no response to 
lime on the Minonk field, indicating that this material is not needed on the 
Black Clay Loam of the drift area. The Hartsburg field (page 51) has shown 
some response to lime used with manure, but used with residues adverse results 
have been obtained. This apparent discrepancy emphasizes the importance of 
applying the acidity test to each field in order to determine the need for lime- 
stone. However, it should probably not be used in excess of about 2 tons an 
acre. These two fields are in agreement in showing that neither rock phosphate 
nor potash can be used on this soil in either of the areas with any expectation 
of a sufficient increase in yields to pay for the cost of the materials. 
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Brown-Gray Silt Loam On Tight Clay (1128) 


A few very small areas, aggregating only 26 acres, of Brown-Gray Silt Loam 
On Tight Clay occur northeast of El Paso. This type is characterized by a 
grayish brown A, horizon, an ashy gray A, horizon, and a highly \plastic ‘‘tight 
clay’’ B horizon. 


UPLAND TIMBER SOILS 


The upland timber soils occur as irregular zones along the streams. They 
belong to the light-colored group of soils because of their low organic-matter 
content. The deficiency of organic matter has been caused by the long-continued 
growth of forest trees. After the forest invaded the prairies, two effects were 
produced: first, the shade from the trees prevented the growth of prairie grasses, 
the roots of which are mainly responsible for the large organic-matter content in 
prairie soils; second, the trees themselves added very little organic matter to the 
soil, for the leaves and branches either decayed completely or were burned by 
forest fires. Furthermore, the organic matter that had been produced by the 
prairie grasses became gradually dissipated during the occupation of the land 
by the trees. As a result, the organic-matter content of the upland timber soils 
has been reduced until it is decidedly lower than that of the adjacent prairie 
land. Several generations of trees were necessary to produce the present con- 
dition of the soil. 

The upland timber soils of Woodford county occupy about 22 percent of the 
area of the county. 


Yellow-Gray Silt Loam (934, 1134) 


Yellow-Gray Silt Loam oceupies 67.86 square miles, or 12.77 ‘percent of the 
area of the county. . Practically all of this type occurs within the Joessial area 
and most of it in Woodford county, if mapped to-day, would be called Brownish 
Yellow-Gray Silt Loam in order to distinguish it from other types of light-colored 
upland soil which hitherto have all been classified as Yellow-Gray Silt Loam. 

The A, horizon, which is about 5 inches deep in uncultivated areas and 
7 or 8 inches in cultivated fields, is a brownish gray silt loam with laminated 
structure when not disturbed by cultivation. The A, horizon is a yellowish gray 
friable silt loam with laminated structure. The B horizon, which begins at a 
depth of about 14 inches, is a compact clay loam. It has a cubical structure, and 
the faces of the cubes are coated with a chocolate brown film, giving the entire 
mass a chocolate brown appearance. When this horizon is bored out with a soil 
auger, the sample is distinctly yellow. At a depth of about 23 inches strong 
mottling becomes evident and the texture appears to become finer. The C horizon 
begins at a depth of about 36 inches and is a friable, strongly mottled, yellow 
clay loam, with numerous black iron concretions appearing near the bottom be 
the 40-inch section. ase | 


Management.—Yellow-Gray Silt Loam, as it occurs in Woodford aaa is 
of medium acidity. No effervescence with acid is obtained until a depth of about 
60 inches is reached. Sweet clover does not grow along the roadsides except 
where deep ditches have been made in grading. The organic-matter and nitrogen 
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contents of this soil are low. The subsoil, while fairly compact, is not plastic 
and permits good underdrainage, while the topography allows good surface 
drainage on most of the type. 

This soil should be treated with limestone at the rate of 2 to 3 tons an acre 
and then sweet clover should be seeded in the small grain. There are no experi- 
ment field results available for this type upon which to base suggestions for 
fertilizer treatment. It is advised, however, that a trial be made of the phosphates 
for wheat, after the nitrogen and organic-matter deficiencies have been taken 
care of, as above suggested. Yellow-Gray Silt Loam, as it occurs in Woodford 
county, is a productive soil when good farming methods are practiced. 


Yellow Silt Loam (935, 1135) 


Yellow Silt Loam occupies 49.58 square miles, or 9.31 percent of the area 
of the county. The character of the type varies with the changes in topography, 
in vegetative covering, and in the soil material from which it was formed. The 
rapidity of erosion is governed by the above factors, and differences in the rate 
of removal of surface soil determine to a large extent the character of the type. 
On the steeper unprotected slopes no true A, horizon, or surface soil, is present, 
and gravel may be exposed. The soil is in general grayish yellow in color and 
at a depth of about 20 inches becomes compact. 

Management.—The management of Yellow Silt Loam is governed largely by 
slope. The long steep slopes should be kept in timber or in permanent pasture, 
while the slopes less subject to erosion may be put in grain at intervals. Much 
of this type as found in Woodford county will grow alfalfa without the use of 
lime. Advantage should be more generally taken of this fact, as it offers the 
opportunity to grow a profitable crop and at the same time control erosion. For 
more specific information on the control of erosion, the reader is referred to 
the discussion of the Vienna experiment field, page 52,and also to Bulletin 207 
and Cireular 290 of this Station, 


Dune Sand (1181) 


Dune Sand occurs in small disconnected areas on the upland near Spring 
Bay. The total area of the type in Woodford county is slightly less than one 
square mile. The time which has elapsed since the soil material of this type 
was deposited has been too short to allow the formation of horizons. The sur- 
face to a depth of about 7 inches is a grayish yellow, medium-coarse sand, and 
the only observable difference which appears below this oe is a change in 
color to brownish yellow. 

Management.—Dune Sand, as it occurs in Woodford county, is less coarse 
than is usual for the type and is fairly well adapted to the general farm crops. 
It is medium acid and requires about 2 tons of limestone an acre to grow sweet 
clover or alfalfa. It is well suited to the production of melons or other crops 
liking a sandy soil. It should grow good potatoes if well fertilized with a mixture 
high in soluble phosphate and potash. For an account of experiments on sand, 
see the discussion of the Oquawka experiment field, page 54. 
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SWAMP AND BOTTOM-LAND SOILS ~ 


In the group designated as swamp and bottom-land soils are included the 
bottom lands or flood plains along streams, the swamps, the poorly drained 
lowlands, and also all peats and mucks, whether on upland or terrace. Much of 
the soil is of alluvial formation, and the land is largely subject to overflow. 


Deep Peat (1401) 


A total of only 384 acres of Deep Peat is found in Woodford county and 
most of the areas are untilled because the drainage has not been taken care of. 
When drained, this type is well adapted to trucking and also grows good corn 
when fertilized with potash salts. Experiments in improving the fertility of 
Peat were carried.on at the Manito field, described on page 56. 


Brown Silt Loam (1426) 


Brown Silt Loam, Bottom, occurs in the Illinois bottom north of Partridge 
ereek and adjacent to the swamp found in this corner of Woodford county, from 
which it is protected by a dike. The A, horizon is dark brown silt loam to a 
depth of about 8 or 9 inches. Below this depth, the color becomes slightly 
drabbish brown and gradually changes to a drabbish gray with rust-colored iron 
spots. The texture becomes finer with increasing depth. There are, however, no 
well-developed horizons because of the youth of this soil. 

Management.—Brown Silt Loam, Bottom, is an excellent soil and when 
properly drained and protected from flooding is very desirable farm land. No 
treatment is advised for this type in Woodford county other than good farming, 
the return of fresh organic matter at regular intervals, and the use of lime if 
experience shows this material to be needed. 


Mixed Loam (1454) 


Mixed Loam occurs in the Illinois bottom and also in the smaller bottoms 
which are tributary to Illinois river. A total of 31.76 square miles of the type 
is found in Woodford county. 

This type as it is mapped varies greatly in nearly all the characters which 
are taken into consideration in separating soils into types. It is in reality not a 
soil type, but is made up of a number of types which occur in areas too small to be 
shown on the map. The color of this soil varies from black to light brown and 
the texture from clay loam to sandy loam. 

Management.—Mixed Loam, as it occurs in Woodford county, is a productive 
soil. Provision for the removal of excess water, both the normal rainfall and 
flood water, is the chief requirement in its management. 


Brown Sandy Loam (1460) 


Brown Sandy Loam, Bottom, occurs in two small areas in the Illinois bottom 
north of Panther creek and has a total area of only 70 acres. It differs from 
the surrounding silt loam in texture and is slightly higher in elevation. The 
‘management requirements of this type are not essentially different from those 
of Brown Silt Loam, Bottom. ; 
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TERRACE SOILS 


Terrace soils are formed on terraces or old fills in valleys. The terraces 
owe their formation generally to the deposition of material from over-loaded 
streams which became greatly enlarged and which flooded the valleys during 
the melting of the glaciers. Sometimes these valleys were filled almost to the 
height of the upland. Later the streams cut down thru the fills and developed 
new bottom lands, or flood plains, at lower levels, leaving part of the old fills as 
terraces. The lowest and most recently formed bottom land is called first bottom. 
The higher land no longer flooded (or very rarely, at most) is generally desig- 
nated as second bottom, or terrace. .Finer material later deposited on the sand 
and gravel of the fill constitutes the mineral portion of the soil. 


Brown Silt Loam Over Gravel (1527) 


Brown Silt Loam Over Gravel occurs, for the most part, m a belt about half 
a mile wide and four miles long south of Spring Bay. It occupies a total area 
of 2.22 square miles. The A, horizon is brown silt loam which changes gradually 
to a yellowish brown silt loam, becoming fairly compact at 25 to 30 inches in depth. 

This type varies somewhat in agricultural value depending on distance from 
the bluff. As the bluff is approached, the soil becomes better because of the 
caleareous outwash material which it receives. Along the edge of the type 
towards the river, small areas or narrow belts of relatively poor land occur which 
are drouthy because of the open, sandy subsoil. 

Management.—Brown Silt Loam Over Gravel requires in general the same 
management as Brown Silt Loam, Upland (see page 15), and except for the 
poorer portions of the type mentioned above should respond satisfactorily. 


Brown Silt Loam On Gravel (1526.4) 


A total of only 96 acres of Brown Silt Loam On Gravel is mapped in Wood- 
ford county. The surface soil of this type is the same as that of the preceding 
- type, Brown Silt Loam Over Gravel. The difference between the two types lies 
in the fact that the gravel substratum is nearer the surface in the Brown Silt 
Loam On Gravel, making this type more generally drouthy. 

Management.—Brown Silt Loam On Gravel is not a good soil for general 
farming because of its drouthy nature. Nothing can be done to remedy materially 
this condition. In addition to the use of good farming methods, early-maturing 
crops should be chosen in so far as possible. 


Brown Sandy Loam Over Gravel (1566), 


Only a small amount of Brown Sandy Loam Over Gravel occurs in Woodford 
county, a total of 128 acres. It is found south of Spring Bay in association with 
River Sand (1580) and Brown Silt Loam Over Gravel (1527), and was formed 
by the mixture of sufficient sand from the adjacent dunes with the low-lying silt 
‘loam to make a sandy loam. The type varies in texture and in the depth of the 
sand-silt mixture. The underlying gravel stratum is sufficiently deep not to 
interfere with moisture movement. 
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Management.—Brown Sandy Loam Over Gravel is an excellent vegetable 
or trucking soil and grows good general farm crops. It is medium acid and re- 
quires 2 to 3 tons of limestone an acre for alfalfa or sweet clover. The decay of 
organic matter is rapid in this soil and adequate provision should be made for 
returning fresh supplies of this essential material to it at regular intervals. 


Brown Sandy Loam On Gravel (1560.4) 


Brown Sandy Loam On Gravel oceurs south of Spring Bay as small areas 
in association with the sand, sandy loam, and silt loam types of this region. It 
is similar in appearance to the preceding type, Brown Sandy Loam Over Gravel, 
and is distinguishable from it only by examining the subsoil. It is a drouthy 
type because of the nearness of the gravel substratum to the surface. A total of 
1,146 acres of this type is found in Woodford county. 

Management.—Brown Sandy Loam On Gravel is medium acid and needs 2 
or 3 tons of limestone an acre. It is not a good soil for the general farm crops 
because of its drouthy nature. No method is known of adequately overcoming 
this defect since this condition is due to the character of the subsoil, which 
cannot be changed. Some improvement can be made by increasing the organic- 
matter content of the surface soil, thus slightly increasing its water-holding 
capacity. The best way to use soil of this drouthy nature is to grow early matur- 
ing crops on it, thus largely avoiding the unfavorable effects of dry midsummer 
weather, 


Yellow-Gray Silt Loam Over Gravel (1536) 


The largest areas of Yellow-Gray Silt Loam Over Gravel occur along 
Mackinaw river. <A total of 2.87 square miles of the type is found in Woodford 
county. It is similar to Yellow-Gray Silt Loam, Upland, in all respects except 
method of formation, and the reader is referred to the discussion of that type 
(page 18). 


*Yellow-Gray Sandy Loam Over Gravel (1567) 


Yellow-Gray Sandy Loam Over Gravel occurs in narrow belts adjacent to 
streams where the overflow conditions have been such that sand was earried out 
by the stream and deposited. Less than half a square mile of this type occurs 
in Woodford county. It has a yellowish gray sandy loam surface which grades 
into yellowish sandy loam with a medium degree of compaction. Some gray 
mottling appears at about 20 inches in depth. 

Management.—This type should be managed in the same way as the pre- 
ceding type, Yellow-Gray Silt Loam Over Gravel. It is a less productive type, 
because of its high sand content, but will respond satisfactorily to good farming. 


River Sand (1580) 


A total of 1,088 acres of River Sand occurs south of Spring Bay. This soil 
material was deposited both by wind and water and has a dune-like topography. 
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The surface is a brownish yellow sand which passes into yellow sand at a depth 
of 7 or 8 inches: No B or C horizons have been developed in this soil because 
of its youth. 

Management.—River sand is naturally a poor soil for general farming, but 
with the use of about 3 tons of limestone an acre will grow good sweet clover and 
alfalfa, and following a thrifty growth of these legumes, fair crops of corn, wheat, 
and rye are produced. It is a good melon soil. See page 54 for an account of 
experiments on the Oquawka field located on Dune Sand, which is very similar 
to this type as it oceurs in Woodford county. 


APPENDIX 
EXPLANATIONS FOR INTERPRETING THE SOIL SURVEY 


CLASSIFICATION OF SOILS 


In order to interpret the soil map intelligently the reader must understand 
something of the method of soil classification upon which the survey is based. 
Without going far into details the following paragraphs are intended to furnish 
a brief explanation of the general plan of classification used. 

The soil type is the unit of classification. Each type has definite character- 
istics upon which its separation from other types is based. These characteristics 
are inherent in the strata, or ‘‘horizons,’’ which constitute the soil profile in all 
mature soils. Among them may be mentioned color, structure, texture, and 
chemical composition. Other items such as native vegetation (whether timber 
or prairie), topography, and geological origin and formation may assist in the 
differentiation of types, altho they are not fundamental to it. 

Since some of the terms used in designating the factors which are taken into 
account in establishing soil types are technical in nature, the following definitions 
are introduced : 


Horizon. A layer or stratum of soil which differs discernibly from those adjacent in 
color, texture, structure, chemical composition, or a combination of these characteristics, is 
called an horizon. In describing a matured soil, three horizons designated as A, B, and C 
are usually considered. 

A designates the upper horizon and, as developed under the conditions of a humid, tem- 
perate climate, represents the layer of extraction or eluviation; that is to say, material in 
solution or in suspension has passed out of this zone thru the processes of weathering. 

B represents the layer of concentration or illuviation; that is, the layer developed as a 
result of the accumulation of material thru the downward movement of water from the A 
horizon. 

C designates the layer lying below the B horizon and in which the material has been less 
affected by the weathering processes. 

Frequently differences within these strata or zones are discernible, in which case they are 
subdivided and described under such designations as A,, and A,, B, and B,, ete. 


Soil Profile. The soil section as a whole is spoken of as the soil profile. 


Depth and Thickness. The horizons or layers which make up the soil profile vary in 
depth and thickness. These variations are distinguishing features in the separation of soils 
into types. 

Physical Composition. The physical composition, sometimes referred to as ‘‘texture,’’ 
is a most important feature in characterizing a soil. The texture depends upon the relative 
proportions of the following physical constituents: clay, silt, fine sand, sand, gravel, stones, 
and organic material. 

Structure. The term ‘‘structure’’ has reference to the aggregation of particles within 
the soil mass and carries such qualifying terms as open, granular, compact, columnar, 
laminated. : 

Organic-Matter Content. The organic matter of soil is derived largely from plant tissue 
and it exists in a more or less advanced stage of decomposition. Organic matter forms the 
predominating constituent in certain soils of swampy formation. 

Color. Color is determined to a large extent by the proportion of organie matter, but 
at the same time it is modified by the mineral constituents, especially by iron compounds. 

Reaction. The term ‘‘reaction’’ refers to the chemical state of the soil with respect 
to acid or alkaline condition. It also involves the idea of degree, as strongly acid or strongly 
alkaline. 

Carbonate Content. The carbonate content has reference to the calcium carbonate 
(limestone) present, which in some cases may be associated with magnesium or other car- 
bonates. The depth at which carbonates are found may become a very important factor 
in determining the soil type. a 

Topography. Topography has reference to the lay of the land, as level, rolling, hilly, ete. 
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Native Vegetation. The vegetation or plant growth before being disturbed by man, as 
prairie grasses and forest trees, is a feature frequently recognized in differentiating soil types. 


Geological Origin. Geological origin involves the idea of character of rock materials 
composing the soil as well as the method of formation of the soil material. 

Not infrequently areas are encountered in which type characters are not 
distinetly developed or in which they show considerable variation. When these 
variations are considered to have sufficient significance, type separations are made 
whenever the areas involved are sufficiently large. Because of the almost infinite 
variability occurring in soils, one of the exacting tasks of the soil surveyor is to 
determine the degree of variation which is allowable for any given type. 

Classifying Soil Types.—tIn the system of classification used, the types fall 
first into four general groups based upon their geological relationships; namely, 
upland, terrace, swamp and bottom land, and residual. These groups may be 
subdivided into prairie soils and timber soils, altho as a matter of fact this sub- 
division is applied in the main only to the upland group. These terms are all 
explained in the foregoing part of the report in connection with the description 
of the particular soil types. 

Naming and Numbering Soil Types.—tn the Llinois soil survey a system of 
nomenclature is used which is intended to make the type name convey some idea 
of the nature of the soil. Thus the name ‘‘ Yellow-Gray Silt Loam”’ carries in 
itself a more or less definite description of the type. It should not be assumed, 
however, that this system of nomenclature makes it possible to devise type names 
which are adequately descriptive, because the profile of mature soils is usually 
made up of three or more horizons and it is impossible to deseribe each horizon 
in the type name. The color and texture of the surface soil are usually included 
in the type name and when material such as sand, gravel, or rock lies at a depth 
of less than 30 inches, the fact is indicated by the word ‘‘On,’’ and when its depth 
exceeds 30 inches, by the word ‘‘Over’’; for example, Brown Silt Loam On 
Gravel, and Brown Silt Loam Over Gravel. . 

As a further step in systematizing the listing of the soils of Illinois, recog- 
nition is given to the location of the types with respect to the geological areas 
in which they occur. According to a geological survey made many years ago, 
the state has been divided into seventeen areas with respect to geological forma- 
tion and, for the purposes of the soil survey, each of these areas has been assigned 
an index number. The names of the areas together with their general location 
and their corresponding index numbers are given in the following list. 


000 Residual, soils formed in place thru disintegration of rocks, and also rock outcrop 

100 Unglaciated, including three areas, the largest being in the south end of the state 

200 Illinoisan moraines, including the moraines of the Illinoisan glaciations 

300 Lower Illinoisan glaciation, formerly considered as covering nearly the south third of the 
state 

400 Middle Illinoisan glaciation, covering about a dozen counties in the west-central part of 
the state 

500 Upper Illinoisan glaciation, covering about fourteen counties northwest of the middle 
Illinoisan glaciation 

600 Pre-Iowan glaciation, but now believed to be part of the upper Illinoisan 

700 Iowan glaciation, lying in the central nurthern end of the state 

800 Deep loess areas, including a zone a few miles wide along the Wabash, Illinois, and 
Mississippi rivers 

900 arly Wisconsin moraines, including the moraines of the early Wisconsin glaciation 

1000 Late Wisconsin moraines, including the moraines of the late Wisconsin glaciation 
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1100 Karly Wisconsin glaciation, covering the greater part of the northeast quarter of the 
state 

1200 Late Wisconsin glaciation, lying in the northeast corner of the state 

1300 Old river-bottom and swamp lands, formed by material derived from the Illinoisan or 
older glaciations 

1400 Late rwer-bottom and swamp lands, formed by material derived from the Wisconsin and 
Towan glaciations 

1500 Terraces, bench or second bottom lands, and gravel outwash plains 

1600 Lacustrine deposits, formed by Lake Chicago, the enlarged glacial Lake Michigan 


Further information regarding these geological areas is given in connection 
with the general map mentioned above and published in Bulletin 123 (1908). 

Another set of index numbers is assigned to the classes of soils as based 
upon physical composition. The following list contains the names of these classes 
with their corresponding index numbers. 


Index Number Limits Class Names 
CODEN re vss ensaeta: ster atanetasdte terol eretete ral Cera cetetovers Peats 
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a Hs foes C: SSR Pe ehh orate tre toe Acraocne < Mucks 

es TOMO rete, arahe'oneraie fete tip enaveLan SNOIRt tata Set Clays 

AU Tw: ere ee re hoe no ber omer Clay loams 
ADAGO AO Sreracane cc seatate ne aten salsa) wendy seer tintl nate Silt loams 

BO COs D9 starrer otra eros sat aietele titleist «lel tee ORS 

BONGO WiOis ate, ste anerobsucte tere tercren tiate a: chsteseuet s|tejietacelere Sandy loams 
SO TO. SO assis, cine sto ecatetoip cate sislsiasinc «'eusielerets Sands 
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As a convenient means of designating types and their location with respect 
to the geological areas of the state, each type is given a number made up of a 
combination of the index numbers explained above. This number indicates the 
type and the geological area in which it occurs. The geological area is always 
indicated by the digits of the order of hundreds while the balance of the number 
designates the type. To illustrate: the number 1126 means Brown Silt Loam 
in the early Wisconsin glaciation, 434 means Yellow-Gray Silt Loam of the middle 
Illinoisan glaciation. These numbers are especially useful in designating very 
small areas on the map and as a check in reading the colors. 

A complete list of the soil types occurring in each county, along with their 
corresponding type numbers and the area covered by each type, will be found 
in the respective county soil reports in connection with the maps. 


SOIL SURVEY METHODS 


Mapping of Soil Types——In condueting the soil survey, the county consti- 
tutes the unit of working area. The field work is done by parties of two to four 
men each. The field season extends from early in April to Thanksgiving. Dur- 
ing the winter months the men are engaged in preparing a copy of the soil map 
to be sent to the lithographer, a copy for the use of the county farm adviser until 
the printed map is available, and a third copy for use in the office in order to 
preserve the original official map in good condition. 

An accurate base map for field use is necessary for soil mapping. These 
maps are prepared on a scale of one inch to the mile, the official data of the 
original or subsequent land survey being used as the basis in their construction. 
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Each surveyor is provided with one of these base maps, which he earries with 
him in the field; and the soil type boundaries, together with the streams, roads, 
railroads, canals, town sites, and rock and gravel quarries are placed in their 
proper location upon the map while the mapper is on the area. With the rapid 
‘development of road improvement during the past few years, it is almost in- 
evitable that some recently established roads will not appear on the published 
soil map. Similarly, changes in other artificial features will occasionally occur 
in the interim between the preparation of the map and its publication. The 
detail or minimum size of areas which are shown on the map varies somewhat, 
but in general a soil type if less than five acres in extent is not shown. 

A soil auger is carried by each man with which he can examine the soil to 
a depth of 40 inches. An extension for making the auger 80 inches long is taken 
by each party, so that the deeper subsoil may be studied. Each man carries a 
compass to aid in keeping directions. Distances along roads are measured by 
a speedometer or other measuring device, while distances in the field away from 
the roads are measured by pacing. 


Sampling for Analysis—After all the soil types of a county have been located 
and mapped, samples representative of the different types are collected for 
chemical analysis. The samples for this purpose are usually taken in three 
depths; namely, 0 to 624 inches, 624 to 20 inches, and 20 to 40 inches, as explained 
in connection with the discussion of the analytical data on page 6. 


PRINCIPLES OF SOIL FERTILITY 


Probably no agricultural fact is more generally known by farmers and land- 
owners than that soils differ in productive power. A fact of equal importance, 
not so generally recognized, is that they also differ in other characteristics such 
as response to fertilizer treatment and to management. 

The soil is a dynamic, ever-changing, exceedingly complex substance made 
up of organic and inorganic materials and teeming with life in the form of 
microorganisms. Because of these characteristics, the soil cannot be considered 
as a reservoir into which a given quantity of an element or elements of plant 
food can be poured with the assurance that it will respond with a given increase 
in erop yield. In a similar manner it cannot be expected to respond with per- 
fect uniformity to a given set of management standards. To be productive a soil 
must be in such condition physically with respect to structure and moisture as 
to encourage root development; and in such condition chemically that injurious 
substances are not present in harmful amounts, that a sufficient supply of the 
elements of plant food become/available or usable during the growing season, 
and that lime materials are present in sufficient abundance favorable for the 
growth of the higher plants and of the beneficial microorganisms. Good soil 
management under humid conditions involves the adoption of those tillage, crop- 
ping, and fertilizer treatment methods which will result in profitable and per- 
manent crop production on the soil type concerned. 

The following paragraphs are intended to state in a brief way some of the 
principles of soil management and treatment which are fundamental to profitable 
and continued productivity. 
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CROP REQUIREMENTS WITH RESPECT TO PLANT-FOOD MATERIALS 


Ten of the chemical elements are known to be essential for the growth of 
the higher plants. These are carbon, hydrogen, oxygen, mtrogen, phosphorus, 
sulfur, potassium, calcium, magnesium, and iron, Other elements are absorbed 
from the soil by growing plants, including manganese, silicon, sodium, aluminum, 
chlorin, and boron. It is probable that these latter elements are present in 
plants for the most part, not because they are required, but because they are 
dissolved in the soil water and the plant has no means of preventing their 
entrance. There is some evidence, however, which indicates that certain of these 
elements, notably manganese, silicon, and boron, may be either essential but 
required in only minute quantities, or very beneficial to plant growth under 
certain conditions, even tho not essential. Thus, for example, manganese has 
produced marked inereases in crop yields on heavily limed soils. Sodium also 
has been found capable of partially replacing potassium in ease of a shortage 
of the latter element. 


TABLE 5.—PLANT-Foop ELEMENTS IN CoMMON FARM Crops! 


Produce 
: Phos- Potas- | Magne- : 

a ae Nitrogen phores Sulfur swiss ait Calcium} Iron 

lbs. lbs. lbs. lbs. lbs. lbs. lbs. 
Wheat, grain...... 1 bu. 1.42 .24 LO . 26 .08 .02 .O1 
Wheat straw...... 1 ton 10.00 1.60 2.80 | 18.00 1.60 3.80 .60 
Corn, grain... 25; «- 1 bu. 1.00 17 .08 ste .07 01 01 
Corn stover....... 1 ton 16.00 2.00 2.42 17.33 ° 3.33 7.00 1.60 
Corn cobs.........| 1 ton ASOO Ng haste le comes 4.00 |  ...). se Sf ener emer 
Oats: eraiNecans ce) LOU: .66 ea .06 .16 .04 .02 01 
QOatestrawisssus- |) ton 12.40 2.00 4.14 | 20.80 2.80 6.00 i by 
Clover seed....... 1 bu. 1.75 “BOs idee t eee 15 .25 PS ie ae oe 
Clover bay....=...| 1 ton 40.00 5.00 3.28 | 30.00 7.15) | 20 e2o 1.00 
Soybean seed......} 1 bu. 3.22 .39 27 1.26 15 SE RRS 
Soybean hay...... 1 ton 43.40 4.74 5.18 | 35.48 | 13.84) |e27eoe eee. 
SeAligita haven emt o(ie labor 52.08 4.76 5.96 | 16.64 8.00} P2226 


1These data are brought together from various sources. Some allowance must be made for 
the exactness of the figures because samples representing the same kind of crop or the same kind 
of material frequently exhibit considerable variation. 


Table 5 shows the requirements of some of our most common field crops with 
respect to seven important plant-food elements furnished by the soil. The 
figures show the weight in pounds of the various elements contained in a bushel 
or in a ton, as the case may be. From these data the amount of an element re- 
moved from an acre of land by a crop of a given yield can easily be computed. 


PLANT-FOOD SUPPLY 


Of the elements of plant food, three (carbon, oxygen, and hydrogen) are 
secured from air and water, and the others from the soil. Nitrogen, one of the 
elements obtained from the soil by all plants, may also be secured from the air 
by the class of plants known as legumes, in case the amount liberated from the 
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TABLE 6.—PLANT-Foop ELemMEents IN Manure, Rouau Freps, AND Fertivizers! 


Pounds of plant food per ton 
of material 


Material 
Nitrogen Phosphorus Potassium 
PERM ARMING) ctrl sc we nee ccc sk deus eevee 10 oD; 8 
SORT?) 16 2 17 
OPE ees TE IES sey ocs <n + pa.n < oes'e cv vvin se eis 12 2 21 
WVHGAINRUE SMT TNS cs cots sc hehe siaeoes eee. 10 2 18 
Clover hay........ PES Fe. A tae ee atevei tes x cehe 40 5 30 
COREE CGC, he 43 5 33 
IMGGUTD a Or 50 4 24 
Sweet clover (water-free basis)?................. 80 8 28 
OIE. DCT a yd eee OME Me a on ees 
ae his (Toh. yee SLOMAN Ett. os 
INSREOUC Ee EDLC ACO meme Pte ll ce Ue sot 3 
oy S@ae TOD. a A 80 1SOe tn) 
HOARE TMOHOUMORI GS . ain... sce ce oe ee ce eae 20 ZOO MAR Al) ll kxariees 
IMD Sooa Ses rs re 20 Mee ri A en ke 
USGL NOMI IDSNE). 2a.0 6 i ee OS Sr A a a 
aa eM MOTE keenest, vse es, Pr. veces 850 
Dep yesr 0 2 OS oe 850 
et tt os cic aveislna csewaee|  - «cee gh) | Salees 200 
Woodtesneemunlenched).........-.s.cecccceces] veces 10 100 


1See footnote to Table 5. 
2Young second-year growth ready to plow under as green manure. 
’Wood ashes also contain about 1,000 pounds of lime (calcium carbonate) per ton. 


soil is insufficient; but even these plants, which include only the clovers, peas, 
beans, and vetches among our common agricultural plants, are dependent upon 
the soil for the other six elements (phosphorus, potassium, magnesium, calcium, 
iron, and sulfur), and they also utilize the soil nitrogen so far as it becomes 
soluble and available during their period of growth. | 

The vast difference with respect to the supply of these essential plant-food 
elements in different soils is well brought out in the data of the Illinois soil 
survey. For example, it has been found that the nitrogen in the surface 624 
inches, which represents the plowed stratum, varies in amount from 180 pounds 
per acre to more than 35,000 pounds. In like manner the phosphorus content 
varies from about 320 to 4,900 pounds, and the potassium ranges from 1,530 to 
about 58,000 pounds. Similar variations are found in all of the other essential 
plant-food elements of the soil. 

With these facts in mind it is easy to understand how a deficiency of one 
of these elements of plant food may become a limiting factor of crop production. 
When an element becomes so reduced in quantity as to become a limiting factor 
of production, then we must look for some outside source of supply. Table 6 
is presented for the purpose of furnishing information regarding the quantity 
of some of the more important plant-food elements contained in materials most 
commonly used as sources of supply. 
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LIBERATION OF PLANT FOOD 


The chemical analysis of the soil gives the invoice of plant-food elements 
actually present in the soil strata sampled and analyzed, but the rate of libera- 
tion is governed by many factors, some of which may be controlled by the farmer, 
while others are largely or entirely beyond his control. Chief among the im- 
portant controllable factors which influence the liberation of plant food are the 
choice of crops to be grown, the use of limestone, and the incorporation of 
organic matter. ‘Tillage, especially plowing, also has a considerable effect in 
this connection. 


Feeding Power of Plants.—Different species of plants exhibit a very great 
diversity in their ability to obtain plant food directly from the insoluble minerals 
of the soil. As a class, the legumes—especially such biennial and perennial 
legumes as red clover, sweet clover, and alfalfa—are endowed with unusual 
power to assimilate from mineral sources such elements as calcium and phos- 
phorus, converting them into available forms for the crops that follow. For this 
reason it is especially advantageous to employ such legumes in connection with 
the application of limestone and rock phosphate. Thru their growth and subse- 
quent decay large quantities of the mineral elements are liberated for the benefit 
of the cereal crops which follow in the rotation. Moreover, as an effect of the 
deep-rooting habit of these legumes, mineral plant-food elements are brought up 
and rendered available from the vast reservoirs of the lower subsoil. 

Effect of Limestone —Limestone corrects the acidity of the soil and supplies 
calcium, thus encouraging the development not only of the nitrogen-gathering 
bacteria which live in the nodules on the roots of clover, cowpeas, and other 
legumes, but also the nitrifying bacteria, which have power to transform the 
unavailable organic nitrogen into available nitrate nitrogen. At the same time, 
the products of this decomposition have power to dissolve the minerals contained 
in the soil, such as potassium and magnesium compounds. 

Organic Matter and Biological Action Organic matter may be supplied 
thru animal manures, consisting of the excreta of animals and usually accom- 
panied by more or less stable litter; and by plant manures, including green- 
manure crops and cover crops plowed under, and also crop residues such as stalks, 
straw, and chaff. The rate of decay of organic matter depends largely upon its 
age, condition, and origin, and it may be hastened by tillage. The chemical 
analysis shows correctly the total organic carbon, which constitutes, as a rule, 
but little more than half the organic matter; so that 20,000 pounds of organic 
carbon in the plowed soil of an acre corresponds to nearly 20 tons of organic 

-matter. But this organic matter consists largely of the old organic residues that 
have accumulated during the past centuries because they were resistant to decay, 
and 2 tons of clover or cowpeas plowed under may have greater power to liberate 
plant-food materials than 20 tons of old, inactive organic matter. The history of 
the individual farm or field must be depended upon for information concerning 
recent additions of active organic matter, whether in applications of farm manure, 
in legume crops, or in sods of old pastures. 

The condition of the organic matter of the soil is indicated to some extent 
by the ratio of carbon to nitrogen. Fresh organic matter recently incorporated 


. 
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with the soil contains a very much higher proportion of carbon to nitrogen than 
do the old resistant organic residues of the soil. The proportion of carbon to 
nitrogen is higher in the surface soil than in the corresponding subsoil, and in 
general this ratio is wider in highly productive soils well charged with active 
organic matter than in very old, worn soils badly in need of active organic matter. 

The organic matter furnishes food for bacteria, and as it decays certain 
decomposition products are formed, including much carbonic acid, some nitrous 
acid, and various organic acids, and these acting upon the soil have the power to 
dissolve the essential mineral plant foods, thus furnishing available phosphates, 
nitrates, and other salts of potassium, magnesium, calcium, ete., for the use of 
the growing crop. 

Effect of Tillage—Tillage, or cultivation, also hastens the liberation of plant- 
food elements by permitting the air to enter the soil. It should be remembered, 
however, that tillage is wholly destructive, in that it adds nothing whatever to 
the soil, but always leaves it poorer, so far as plant-food materials are concerned. 
Tillage should be practiced so far as is necessary to prepare a suitable seed bed 
for root development and also for the purpose of killing weeds, but more than 
this is unnecessary and unprofitable; and it is much better actually to enrich 
the soil by proper applications of limestone, organic matter, and other fertilizing 
materials, and thus promote soil conditions favorable for vigorous plant growth, 
than to depend upon excessive cultivation to accomplish the same object at the 
expense of the soil. 


PERMANENT SOIL IMPROVEMENT 


According to the kind of soil involved, any comprehensive plan contemplat- 
ing a permanent system of agriculture will need to take into account some of the 
following considerations. 


The Application of Limestone 


The Function of Limestone——In considering the application of limestone 
to land it should be understood that this material functions in several different 
ways, and that a beneficial result may therefore be attributable to quite diverse 
causes. Limestone provides calcium, of which certain crops are strong feeders. 
It corrects acidity of the soil, thus making for some crops a much more favorable 
environment as well as establishing conditions absolutely required for some of 
the beneficial legume bacteria. It accelerates nitrification and nitrogen fixation. 
It promotes sanitation of the soil by inhibiting the growth of certain fungous 
diseases, such as corn-root rot. Experience indicates that it modifies either 
directly or indirectly the physical structure of fine-textured soils, frequently to 
their great improvement. Thus, working in one or more of these different ways, 
limestone often becomes the key to the improvement of worn lands. 

How to Ascertain the Need for Limestone—One of the most reliable indica- 
tions as to whether a soil needs limestone is the character of the growth of certain 
legumes, particularly sweet clover and alfalfa. These crops do not thrive in 
acid soils. Their successful growth, therefore, indicates the lack of sufficient 
acidity in the soil to be harmful. In ease of their failure to grow the soil should 


32 Som Report No. 36: APPENDIX 


be tested for acidity as described below. A very valuable test for ascertaining 
the need of a soil for limestone is found in the potassium thiocyanate test for soil 
acidity. It is desirable to make the test for carbonates along with the acidity 
test. Limestone is calcium carbonate, while dolomite is the combined carbonates 
of calcium and magnesium. The natural occurrence of these carbonates in the 
soil is sufficient assurance that no limestone is needed, and the acidity test will 
be negative. On lands which have been treated with limestone, however, the 
surface soil may give a positive test for carbonates, owing to the presence of 
undecomposed pieces of limestone, and at the same time a positive test for acidity 
may be secured. Such a result means either that insufficient limestone has been 
added to neutralize the acidity, or that it has not been in the soil long enough 
to entirely correct the acidity. In making these tests, it is desirable to examine 
samples of soil from different depths, since carbonates may be present, even in 
abundance, below a surface stratum that is acid. Following are the directions , 
for making the tests: 


The Potassium Thiocyanate Test for Acidity. This test is made with a 4-percent solu- 
tion of potassium thiocyanate in aleohol—4 grams of potassium thiocyanate in 100 cubic 
centimeters of 95-percent alcohol. When a small quantity of soil shaken up in a test tube 
with this solution gives a red color the soil is acid and limestone should be applied. If the 
solution remains colorless the soil is not-acid. An excess of water interferes with the reac- 
tion. The sample when tested, therefore, should be at least as dry as when the soil is in 
good tillable condition. For a prompt reaction the temperature of the soil and solution 
should be not lower than that of comfortable working conditions (60° to 75° Fahrenheit). 


The Hydrochloric Acid Test for Carbonates. Take a small representative sample of 
soil and pour upon it a few drops of hydrochlorie (muriatic) acid, prepared by diluting the 
concentrated acid with an equal volume of water. The presence of limestone or some other 
carbonates will be shown by the appearance of gas bubbles within 2 or 3 minutes, producing 
foaming or effervescence. The absence of carbonates in a soil is not in itself evidence that 
the soil is acid or that limestone should be applied, but it indicates that the confirmatory 
potassium thiocyanate test should be carried out. 


Amounts to Apply.—Acid soils should be treated with limestone whenever 
such application is at all practicable. The initial application varies with the 
degree of acidity and will usually range from 2 to 6 tons an acre. The larger 
amounts will be needed on strongly acid soils, particularly on land being pre- 
pared for alfalfa. When sufficient limestone has been used to establish condi- 
tions favorable to the growth of legumes, no further applications are necessary 
until the acidity again develops to such an extent as to interfere with the best 
growth of these crops. This will ordinarily be at intervals of several years. In 
the case of an inadequate supply of magnesium in the soil, the occasional use of 
magnesian (dolomitic) limestone would serve to correct this deficiency. Other- 
wise, so far as present knowledge indicates, either form of limestone—high- 
calcium or magnesian—will be equally effective, depending upon the purity and 
fineness of the respective stones. 


Fineness of Material_—The fineness to which limestone is ground is an im- 
portant consideration in its use for soil improvement. Experiments indicate that 
a considerable range in this regard is permissible. Very fine grading insures 


* Since undenatured alcohol is difficult to obtain, some of the denatured alcohols have been 
tested for making this solution. Completely denatured alcohol made over U. S. Formulas No. 
1 and No. 4, have been found satisfactory. Some commercial firms are also offering other 
preparations which are satisfactory. 
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ready solubility, and thus promptness in action; but the finer the grinding the 
greater is the expense involved. A grinding, therefore, that furnishes not too 
large a proportion of coarser particles along with the finer, similar to that of the 
by-product material on the market, is to be recommended. Altho the exact pro- 
portions of coarse and fine material cannot be prescribed, it may be said that a 
limestone crushed so that the coarsest fragments will pass thru a screen of 4 to 10 
meshes to the inch is satisfactory if the total product is used. 


The Nitrogen Problem 


Nitrogen presents the greatest practical soil problem in American agricul- 
ture. Four important reasons for this are: its increasing deficiency in most 
soils; its cost when purchased on the open market; its removal in large amounts 
by crops; and its loss from soils thru leaching. Nitrogen usually costs from four 
to five times as much per pound as phosphorus. A 100-bushel crop of corn re- 
' quires 150 pounds of nitrogen for its growth, but only 23 pounds of phosphorus. 
The loss of nitrogen from soils may vary from a few pounds to over one hundred 
pounds per acre, depending upon the treatment of the soil, the distribution of 
rainfall, and the protection afforded by growing crops. 

An inexhaustible supply of nitrogen is present in the air. Above each acre 
of the earth’s surface there are about sixty-nine million pounds of atmospheric 
nitrogen. The nitrogen above one square mile weighs twenty million tons, an 
amount sufficient to supply the entire world for four or five decades. This large 
supply of nitrogen in the air is the one to which the world must eventually turn. 

There are two methods of collecting the inert nitrogen gas of the air and 
combining it into compounds that will furnish products for plant growth. These 
are the chemical and the biological fixation of the atmospheric nitrogen. Farmers 
have at their command one of these methods. By growing inoculated legumes, 
nitrogen may be obtained from the air, and by plowing under more than the roots 
of these legumes, nitrogen may be added to the soil. 

Inasmuch as legumes are worth growing for purposes other than the fixation 
of atmospheric nitrogen, a considerable portion of the nitrogen thus gained may 
be considered a by-product. Because of that fact, it is questionable whether the 
chemical fixation of nitrogen will ever be able to replace the simple method of 
obtaining atmospheric nitrogen by growing inoculated legumes in the production 
of our great grain and forage crops. 

It may well be kept in mind that the following amounts of nitrogen are re- 
quired for the produce named: 


bushel of oats (grain and straw) requires 1 pound of nitrogen. 

bushel of corn (grain and stalks) requires 1144 pounds of nitrogen. 

bushel of wheat (grain and straw) requires 2 pounds of nitrogen. 

ton of timothy contains 24 pounds of nitrogen. 

ton of clover contains 40 pounds of nitrogen. 

ton of cowpea hay contains 43 pounds of nitrogen. 

ton of alfalfa contains 50 pounds of nitrogen. 

ton of average manure contains 10 pounds of nitrogen. 

ton of young sweet clover, at about the stage of growth when it is plowed under as 
green manure, contains, on water-free basis, 80 pounds of nitrogen. 


Be Hee eee 


The roots of clover contain about half as much nitrogen as the tops, and the 
roots of cowpeas contain about one-tenth as much as the tops. Soils of mod- 


34 Som Report No. 36: APPENDIX 


erate productive power will furnish as much nitrogen to clover (and two or three 
times as much to cowpeas) as will be left in the roots and stubble. In grain 
crops, such as wheat, corn, and oats, about two-thirds of the nitrogen is con- 
tained in the grain and one-third in the straw or stalks. 


The Phosphorus Problem 


The element phosphorus is an indispensable constituent of every living cell. 
It is intimately connected with the life processes of both plants and animals, the 
nuclear material of the cells being especially rich in this element. 

The phosphorus content of the soil is dependent upon the origin of the soil. 
The removal of phosphorus by continuous cropping slowly reduces the amount 
of this element in the soil available for crop use, unless its addition is provided 
for by natural means, such as overflow, or by agricultural practices, such as the 
addition of phosphatic fertilizers and rotations in which deep-rooting, leguminous 
crops are frequently grown. 

It should be borne in mind in connection with the application of phosphate, 
or of any other fertilizing material, to the soil, that no benefit can result until 
the need for it has become a limiting factor in plant growth. For example, if 
there is already present in the soil sufficient available phosphorus to produce a 
forty-bushel crop, and the nitrogen supply or the moisture supply is sufficient 
for only forty bushels, or less, then extra phosphorus added to the soil cannot 
increase the yield beyond this forty-bushel limit. 

There are several different materials containing phosphorus which are 
applied to land as fertilizer. The more important of these are bone meal, acid 
phosphate, natural raw rock phosphate, and basic slag. Obviously that carrier 
of phosphorus which gives the most economical returns, as considered from all 
standpoints, is the most suitable one to use. Altho this matter has been the 
subject of much discussion and investigation the question still remains unsettled. 
Probably there is no single carrier of phosphorus that will prove to be the most 
economical one to use under all circumstances because so much depends upon 
soil conditions, crops grown, length of haul, and market conditions. 

Bone meal, prepared from the bones of animals, appears on the market in 
two different forms, raw and steamed. Raw bone meal contains, besides the 
phosphorus, a considerable percentage of nitrogen which adds a useless expense 
if the material is purchased only for the sake of the phosphorus. As a source of 
phosphorus, steamed bone meal is preferable to raw bone meal. Steamed bone 
meal is prepared by extracting most of the nitrogeneous and fatty matter from 
the bones, thus producing a more nearly pure form of calcium phosphate con- 
taining about 10 to 12 percent of the element phosphorus. 

Acid phosphate is produced by treating rock phosphate with sulfuric acid. 
The two are mixed in about equal amounts; the product therefore contains about 
one-half as much phosphorus as the rock phosphate itself. Besides phosphorus, 
acid phosphate also contains sulfur, which is likewise an element of plant food. 
The phosphorus in acid phosphate is more readily available for absorption by 
plants than that of raw rock phosphate. Acid phosphate of good quality should 
contain 6 percent or more of the element phosphorus. 
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Rock phosphate, sometimes called floats, is a mineral substance found in 
vast deposits in certain regions. The phosphorus in this mineral exists chemically 
as tri-calcium phosphate, and a good grade of the rock should contain 1214 
percent, or more, of the element phosphorus. The rock should be ground to a 
powder, fine enough to pass thru a 100-mesh sieve, or even finer. 

The relative cheapness of raw rock phosphate, as compared with the treated 
or acidulated material, makes it possible to apply for equal money expenditure 
considerably more phosphorus per acre in this form than in the form of acid 
phosphate, the ratio being, under the market conditions of the past several years, 
about 4 to 1. That is to say, under these market conditions, a dollar will pur- 
chase about four times as much of the element phosphorus in the form of rock 
phosphate as in the form of acid phosphate, which is an important consideration 
if one is interested in building up a phosphorus reserve in the soil. As explained 
above, more very carefully conducted comparisons on various soil types under 
various cropping systems are needed before definite statements can be given as 
to which form of phosphate is most economical to use under any given set of 
conditions, 


Basic slag, known also as Thomas phosphate, is another carrier of phos- 
phorus that might be mentioned because of its considerable usage in Europe 
and eastern United States. Basic slag phosphate is a by-product in the manu- 
facture of steel. It contains a considerable proportion of basic material and 
therefore it tends to influence the soil reaction. 

Rock phosphate may be applied at any time during a rotation, but it is 
applied to the best advantage either preceding a crop of clover, which plant 
seems to possess an unusual power for assimilating the phosphorus from raw 
phosphate, or else at a time when it can be plowed under with some form of 
organic matter such as animal manure or green manure, the decay of which 
serves to liberate the phosphorus from its insoluble condition in the rock. It is 
important that the finely ground rock phosphate be intimately mixed with the 
organic material as it is plowed under. 

In using acid phosphate or bone meal in a cropping system which includes 
wheat, it is a common practice to apply the material in the preparation of the 
wheat ground. It may be advantageous, however, to divide the total amount 
_ to be used and apply a portion to the other crops of the rotation, particularly 
to corn and to clover. 


The Potassium Problem 


Our most common soils, which are silt loams and clay loams, are well stocked 
with potassium, altho it exists largely ina slowly soluble’ form. Such soils as 
sands and peats, however, are likely to be low in this element. On such soils this 
deficiency may be remedied by the application of some potassium salt, such as 
potassium sulfate, potassium chlorid, kainit, or other potassium compound, and in 
many instances this is done at great profit. 

From all the facts at hand it seems, so far as our great areas of common 
soils are concerned, that, with a few exceptions, the potassium problem is not 
one of addition but of liberation. The Rothamsted records, which represent the 


36 Som Report No. 36: APPENDIX 


oldest soil experiment fields in the world, show that for many years other soluble 
salts have had practically the same power as potassium salts to increase crop 
yields in the absence of sufficient decaying organic matter. Whether this action 
relates to supplying or liberating potassium for its own sake, or to the power 
of the soluble salt to increase the availability of phosphorus or other elements, 
is not known, but where much potassium is removed, as in the entire crops at 
Rothamsted, with no return of organic residues, probably the soluble salt func- 
tions in both ways. 

Further evidence on this matter is furnished by the Illinois experiment field 
at Fairfield, where potassium sulfate has been compared with kainit both with 
and without the addition of organic matter in the form of stable manure. Both 
sulfate and kainit produced a substantial increase in the yield of corn, but the 
cheaper salt—kainit—was just as effective as the potassium sulfate, and returned 
some financial profit. Manure alone gave an increase similar to that produced 
by the potassium salts, but the salts added to the manure gave very little increase 
over that produced by the manure alone. This is explained in part, perhaps, by 
the fact that the potassium removed in the crops is mostly returned in manure 
properly eared for, and perhaps in larger part by the fact that decaying organic 
matter helps to liberate and hold in solution other plant-food elements, especially 
phosphorus. 

In laboratory experiments at the Illinois Experiment Station, it has been 
shown that potassium salts and most other soluble salts increase the solubility of 
the phosphorus in soil and in rock phosphate; also that the addition of glucose 
with rock phosphate in pot-culture experiments inereases the availability of the 
phosphorus, as measured by plant growth, altho the glucose consists only of car- 
bon, hydrogen, and oxygen, and thus contains no limiting element of plant food. 

In considering the conservation of potassium on the farm it should be re- 
membered that in average livestock farming the animals destroy two-thirds of 
the organic matter and retain one-fourth of the nitrogen and phosphorus from 
the food they consume, but that they retain less than one-tenth of the potassium ; 
so that the actual loss of potassium in the products sold from the farm, either 
in grain farming or in livestock farming, is negligible on land containing 25,000 
pounds or more of potassium in the surface 624 inches. 


The Calcium and Magnesium Problem 


When measured by crop removals of the plant-food elements, calcium is 
often more limited in Illinois soils than is potassium, while magnesium may be 
occasionally. In the case of calcium, however, the deficiency is likely to develop 
more rapidly and become much more marked because this element is leached 
out of the soil in drainage water to a far greater extent than is either magnesium 
or potassium. 

The annual loss of limestone from the soil depends, of course, upon a num- 
ber of factors aside from those which have to do with climatic conditions. Among 
these factors may be mentioned the character of the soil, the kind of limestone, 
its condition of fineness, the amount present, and the sort of farming practiced. 
Because of this variation in the loss of lime materials from the soil, it is impossible 
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to prescribe a fixed practice in their renewal that will apply universally. The 
tests for acidity and carbonates described above, together with the behavior of 
such lime-loving legumes as alfalfa and sweet clover, will serve as general 
indicators for the frequency of applying limestone and the amount to use on a 
given field. 

Limestone has a direct value on some soils for the plant food which it 
supplies, in addition to its value in correcting soil acidity and in improving the 
physical condition of the soil. Ordinary limestone (abundant in the southern 
and western parts of Illinois) contains nearly 800 pounds of calcium per ton; 
while a good grade of dolomitic limestone (the more common limestone of north- 
ern Illinois) contains about 400 pounds of calcium and 300 pounds of magnesium 
per ton. Both of these elements are furnished in readily available form in 
ground dolomitic limestone. 


The Sulfur Question 


In considering the relation of sulfur in a permanent system of soil fertility 
it is important to understand something of the cycle of transformations that this 
element undergoes in nature. Briefly stated this is as follows: 

Sulfur exists in the soil in both organie and inorganic forms, the former 
being gradually converted to the latter form thru bacterial action. In this 
inorganic form sulfur is taken up by plants which in their physiological processes 
change it once more into an organic form as a constituent of protein. When 
these plant proteins are consumed by animals, the sulfur becomes a part of the 
animal protein. When these plant and animal protéins are decomposed, either 
thru bacterial action, or thru combustion, as in the burning of coal, the sulfur 
passes into the atmosphere or into the soil solution in the form of sulfur dioxid 
gas. This gas unites with oxygen and water to form sulfuric acid, which is 
readily washed back into the soil by the rain, thus completing the cycle, from 
soil—to plants and animals—to air—to soil. 

In this way sulfur becomes largely a self-renewing element of the soil, altho 
there is a considerable loss from the soil by leaching. Observations taken at the 
Illinois Agricultural Experiment Station show that 40 pounds of sulfur per acre 
are brought into the soil thru the annual rainfall. With a fair stock of sulfur, 
such as exists in our common types of soil, and with an annual return, which of 
itself would more than suffice for the needs of maximum crops, the maintenance 
of an adequate sulfur supply presents little reason at present for serious concern. 
There are regions, however, where the natural stock of sulfur in the soil is not 
nearly so high and where the amount returned thru rainfall is small. Under such 
circumstances sulfur soon becomes a limiting element of crop production, and it 
will be necessary sooner or later to introduce this substance from some outside 
source. Investigation is now under way to determine to what extent this situation 
may apply under Illinois conditions. : 


Physical Improvement of Soils 


In the management of most soil types, one very important matter, aside from 
proper fertilization, tillage, and drainage, is to keep the soil in good physical 
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condition, or good tilth. The constituent most important for this purpose is 
organic matter. Organic matter in producing good tilth helps to control washing 
of soil on rolling land, raises the temperature of drained soil, increases the 
moisture-holding capacity of the soil, slightly retards capillary rise and ‘conse- 
quently loss of moisture by surface evaporation, and helps to overcome the 
tendency of some soils to run together badly. 

The physical effect of organic matter is to produce a granulation or mellow- 
ness, by cementing the fine soil particles into crumbs or grains about as large as 
grains of sand, which produces a condition very favorable for tillage, percolation 
of rainfall, and the development of plant roots. 

Organic matter is undergoing destruction during a large part of the year 
and the nitrates produced in its decomposition are used for plant growth. Altho 
this decomposition is necessary, it nevertheless reduces the amount of organic 
matter, and provision must therefore be made for maintaining the supply. The 
practical way to do this is to turn under the farm manure, straw, cornstalks, 
weeds, and all or part of the legumes produced on the farm. The amount of 
legumes needed depends upon the character of the soil. There are farms, espe- 
cially grain farms, in nearly every community where all legumes could be turned 
under for several years to good advantage. 

Manure should be spread upon the land as soon as possible after it is pro- 
duced, for if it is allowed to lie in the barnyard several months as is so often the 
ease, from one-third to two-thirds of the organie matter will be lost. 

Straw and cornstalks should be turned under, and not burned. There is 
considerable evidence indicating that on some soils undecomposed straw applied 
in excessive amount may be detrimental. Probably the best practice is to apply 
the straw as a constituent of well-rotted stable manure. Perhaps no form of 
organic matter acts more beneficially in producing good tilth than cornstalks. It 
is true, they decay rather slowly, but it is also true that their durability in the 
soil is exactly what is needed in the production of good tilth. Furthermore, the 
nitrogen in a ton of cornstalks is one and one-half times that of a ton of manure, 
and a ton of dry cornstalks incorporated in the soil will ultimately furnish as 
much humus as four tons of average farm manure. When burned, however, both 
the humus-making material and the nitrogen are lost to the soil. 

It is a common practice in the corn belt to pasture the cornstalks during 
the winter and often rather late in the spring after the frost is out of the ground. 
This trampling by stock sometimes puts the soil in bad condition for working. 
It becomes partially puddled and will be cloddy as a result. If tramped too late 
in the spring, the natural agencies of freezing and thawing and wetting and 
drying, with the aid of ordinary tillage, fail to produce good tilth before the 
crop is planted. Whether the crop is corn or oats, it necessarily suffers and if 
the season is dry, much damage may be done. If the field is put in corn, a poor 
stand is likely to result, and if put in oats, the soil is so compact as to be un- 
favorable for their growth. Sometimes the soil is worked when too wet. This 
also produces a partial puddling which is unfavorable to physical, chemical, and 
biological processes. The effect becomes worse if cropping has reduced the organic 
matter below the amount necessary to maintain good tilth. " 
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Systems of Crop Rotations 


In a program of permanent soil improvement one should adopt at the outset 
a good rotation of crops, including, for the reasons discussed above, a liberal 
use of legumes. No one can say in advance for every particular case what will 
prove to be the best rotation of crops, because of variation in farms and farmers 
and in prices for produce. As a general principle the shorter rotations, with 
the frequent introduction of leguminous crops, are the better adapted for building 
up poor soils. ; 

Following are a few suggested rotations which may serve as models or out- 
lines to be modified according to special circumstances. 


Six-Year Rotations 


First year —Corn . 

Second year—Corn 

Third year —Wheat or oats (with clover, or clover and grass) 
Fourth year—Clover, or clover and grass 

Fifth year —Wheat (with clover), or grass and clover 

Siath year —Clover, or clover and grass 


Of course there should be as many fields as there are years in the rotation. 
In grain farming, with small grain grown the third and fifth years, most of the 
unsalable products should be returned to the soil, and the clover may be clipped 
and left on the land or returned after threshing out the seed (only the clover 
seed being sold the fourth and sixth years); or, in livestock farming, the field 
may be used three years for timothy and clover pasture and meadow if desired. 
The system may be reduced to a five-year rotation by cutting out either the second 
or the sixth year, and to a four-year system by omitting the fifth and sixth years, 
as indicated below. 


Five-Year Rotations 


First year —Corn 

Second year—Wheat or oats (with clover, or clover and grass) 
Third year —Cloyer, or clover and grass 

Fourth year—Wheat (with clover), or clover and grass 

Fifth year —Clover, or clover and grass 


First year —Corn 

Second year —Corn 

Third year —Wheat or oats (with clover, or clover and grass) 
Fourth year—Clover, or clover and grass 

Fifth year —Wheat (with clover) 


First year —Corn 

Second year—Cowpeas or soybeans 
Third year —Wheat (with clover) 
Fourth year—Clover 

Fifth year —Wheat (with clover) 


The last rotation mentioned above allows legumes to be grown four times. 
Alalfa may be grown on a sixth field for five or six years in the combination 
rotation, alternating between two fields every five years, or rotating over all fields 
if moved every six years. 


40 Som Report No. 36: APPENDIX 


Four-Year Rotations 


First year —Corn First year —Corn 

Second year —Wheat or oats (with clover) Second year —Corn 

Third year —Clover Third year —Wheat or oats (with clover) 
Fourth year —Wheat (with clover) Fourth year —Clover 

First year —Corn First year —Wheat (with clover) 
Second year —Cowpeas or soybeans Second year —Clover 

Third year —Wheat (with clover) Third year —Corn 

Fourth year —Clover Fourth year —Oats (with clover) 


Alfalfa may be grown on a fifth field for four or eight years, which is to be 
alternated with one of the four; or the alfalfa may be moved every five years, 
and thus rotated over all five fields every twenty-five years. 


oe 


Three-Year Rotations 


First year —Corn First year —Wheat or oats (with clover) 
Second year —Oats or wheat (with clover) Second year —Corn 
Third year —Clover Third year —Cowpeas or soybeans 


By allowing the clover, in the last rotation mentioned, to grow in the spring 
before preparing the land for corn, we have provided a system in which legumes 
grow on every acre every year. This is likewise true of the following suggested 
two-year system: 


Two-Year Rotations 


First year —Oats or wheat (with sweet clover). 
Second year —Corn 


Altho in this two-year rotation either oats or wheat is suggested, as a matter 
of fact, by dividing the land devoted to small grain, both of these crops can be 
grown simultaneously, thus providing a three-crop system in a two-year eycle. 

It should be understood that in all of the above suggested cropping systems 
it may be desirable in some cases to substitute rye for the wheat or oats. Or, in 
some cases, it may become desirable to divide the acreage of small grain and grow 
in the same year more than one kind. In all of these proposed rotations the word 
clover is used in a general sense to designate either red clover, alsike clover, or 
sweet clover. The value of sweet clover, especially as a green manure for building 
up depleted soils, as well as a pasture and hay-crop, is becoming thoroly estab- 
lished, and its importance in a crop-rotation program may well be emphasized. 
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SUPPLEMENT: EXPERIMENT FIELD DATA 


(Results from Experiment Fields on Soil Types Similar to those Occurring in 
Woodford County) 


The University of Illinois has operated altogether about fifty soil experi- 
ment fields in different sections of the state and on various types of soil. Altho 
some of these fields have been discontinued, the large majority are still in opera- 
tion. It is the present purpose to report the results from certain of these fields 
located on types of soil described in the accompanying soil report. 

A few general explanations at this point, which apply to all the fields, will 
relieve the necessity of numerous repetitions in the following pages. 


Size and Arrangement of Fields 


The soil experiment fields vary in size from less than two acres up to 40 acres 
or more. They are laid off into series of plots, the plots commonly being either 
one-fifth or one-tenth acre in area. Each series is occupied by one kind of crop. 
Usually there are several series so that a crop rotation can be carried on with 
every crop represented every year. F 


Farming Systems 


On many of the fields the treatment provides for two distinct systems of 
farming, livestock farming and grain farming. 

In the livestock system, stable manure is used to furnish organic matter and 
nitrogen. The amount applied to a plot is based upon the amount that can be 
produced from crops raised on that plot. ; 

In the grain system no animal manure is used. The organic matter and 
nitrogen are applied in the form of plant manures, including the plant residues 
produced, such as cornstalks, straw from wheat, oats, clover, ete., along with 
leguminous catch crops plowed under. It was the plan in this latter system to 
remove from the land, in the main, only the grain and seed produced, except in 
the case of alfalfa, that crop being harvested for hay the same as in the livestock 
system. Some modifications have been made in recent years. 


Crop Rotations 


Crops which are of interest in the respective localities are grown in definite 
rotations. The most common rotation used is wheat, corn, oats, and clover; 
and often these crops are accompanied by alfalfa growing on a fifth series. In 
the grain system a legume catch crop, usually sweet clover, is included, which 
is seeded on the young wheat in the spring and plowed under in the following 
spring in preparation for corn. If the red clover crop fails, soyheans are 
substituted. 

41 
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Soil Treatment 


The treatment applied to the plots has, for the most part, been standardized 
according to a rather definite system, altho deviations from this baits oceur 
now and then, particularly in the older fields. 

Following is a brief explanation of this standard system of treatment. 


Animal Manures.—Animal manures, consisting of excreta from animals, with 
stable litter, are spread upon the respective plots in amounts proportionate to 
previous crop yields, the applications being made in the preparation for corn. 


Plant Manures.—Crop residues produced on the land, such as stalks, straw, 
and chaff, are returned to the soil, and in addition a green-manure crop of sweet 
clover is seeded in small grains to be plowed under in preparation for corn. (On 
plots where limestone is lacking the sweet clover seldom survives.) This practice 
is designated as the residues system. ' 


Mineral Manures.—The yearly acre-rates of application have been: for lime- 
stone, 1,000 pounds; for raw rock phosphate, 500 pounds; and for potassium, 
usually 200 pounds of kainit. When kainit was not available, owing to conditions 
brought on by the World war, potassium carbonate was used. The initial applica- 
tion of limestone has usually been 4 tons per acre. 


Explanation of Symbols Used 


Untreated land or check plots 

Manure (animal) 

Residues (from crops, and includes legumes used as green manure) 
Limestone ; 

Phosphorus, in the form of rock phosphate unless otherwise designated 
(aP — acid phosphate, bP — bonemeal, rP — rock phosphate, sP —slag 
phosphate) 

Potassium (usually in the form of kainit) 

Nitrogen (usually in the form contained in dried blood) 

Legume used as green manure 

Cover crop 

( ) = Parentheses enclosing figures, signifying tons of hay, as distinguished from 
bushels of seed 

Heavy vertical rule, indicating the beginning of complete treatment 
Double vertical rule, indicating a radical change in the cropping system 
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In discussions of this sort of data, financial profits or losses based upon 
assigned market values are frequently considered. However, in view of the 
erratic fluctuations in market values—especially in the past few years—it seems 
futile to attempt to set any prices for this purpose that are at all satisfactory. 
The yields are therefore presented with the thought that with these figures at: 
hand the financial returns from a given practice can readily be computed upon 
the basis of any set of market values that the reader may choose to apply. 


THE MT. MORRIS FIELD 


The Mt. Morris experiment field was established in 1910 at Mt. Morris in 
Ogle county. The soil represents fairly well the type Light Brown Silt Loam, 
altho the plots are not altogether uniform in this respect. The plots considered 
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TasLe 7—MT. MORRIS FIELD: Summary or Crop YIELDS 
Average Annual Yields, 1913-1925—Bushels or (tons) per acre 


Serial Corn Oats Wheat | Clover! |Soybeans 
plot Soil treatment applied 
No. 13 crops | 13 crops | 11 crops | 10 crops | 2 crops 
i 45.2 59.1 22.8 | (2.10) | (1.56) 
2 Wo ose 59.5 67.8 27.7 (2.62) (1.70) 
3 OO ot ao 64.2 70.2 33.7 (3.00) (1.80) 
4 AVAL eo! a 64.5 71.4 35.5 (2.92) (1.92) 
5 bo. oe 44.9 56.5 23.0 (1.74) 13.5 
6 ReP I 0 es coi seve ewe sts 51.3 60.9 25.3 (1.90) 16.0 
7 LLG coe Sh aoe eee 62.5 69.3 32.1 (2.27) 18.9 
8 THLE. A 65.7 70.2 35.7 (2.22) 20.7 
9 TALES... oe 67.4 (G25 35.5 (2.20) 20.0 
HY) DS an oe Se 44.0 53.6 24.7 (1.95) (1.68) 
ENN es... orcs een o 14.3 8.7 4.00 | si 62) 1-6 14) 
in OWE? 0, AO So 6.4 4.4 2.3 (eG) 2.5 
2b, a 4.7 2.4 6.0 ( .38) @ 210) 
hl Gre) 0 eZ 8.4 6.8 (Geeys, 2.9 
2 ONS 0 “3 12 1.8 |—( .08) (12) 
DoUGe OG gis 1 3.2 9 3.6 |—( .05) 1.8 
RirePKeover RLrP.......:..... 1 ee 3 —.2 |-( .02) |-— .7 


1Some clover seed evaluated as hay. 


here comprize four series under a rotation of corn, oats, clover, and wheat, with 
soil treatments as indicated in the accompanying table. The application of straw 
to the residues plots has been discontinued in these later years. In 1922 the 
application of limestone and in 1923 the application of rock phosphate were 
indefinitely suspended in order to observe the residual effect of these materials. 

A summary of the results of the work is given in Table 7, in the form of 
the average annual crop yields for the years since the complete soil treatments 
have been in effect. 

The results bring out clearly the need of this soil for organic matter. With- 
out limestone, manure has been far more effective than residues. Limestone, 
however, has been applied with beneficial effect either with manure or with 
residues, but the response has been decidedly the greater in the residues system. 

Rock phosphate has produced no significant effect when applied with manure 
and limestone, and the increases in yield obtained from rock phosphate in the 
residues system have not been sufficient to cover the cost of material as it has 
been used.- Potassium as used in these experiments has produced no significant 
effect on crop yields. 


THE KEWANEE FIELD 


A field on soil similar to much of the Brown Silt Loam as it occurs in Wood- 
ford county is the Kewanee field, located in Henry county about three miles 
southwest of Kewanee. This field has been under way since 1915. The crops 
grown are wheat, corn, oats, and clover. The arrangement of plots and the treat- 
ments applied are indicated in Table 8. 
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TaBLE 8.—KEWANEE FIELD: Summary or Crop YIELDS 
Average Annual Yields 1917-1925—Bushels or (tons) per acre 


Serial 
: ; ; Corn Oats Wheat | Clover 
wo Soil treatment applied 9 crops 9 crops 7 crops 8 crops 
1 Ou. .o. ie: See ores 54.4 58.4 29.9 (1.85) 
2 Mis, clus Siero ence 64.3 69.0 31.5 (2.36) 
Z ME 25 ee eat a ode 68.2 71.8 34.0 (2.32) 
AS EM ESP, ee eee eee 69.1 70.1 3628 (2.45) 
Be COLL Rac ikea Ute vats oe Goes: 59.8 3055 (1.74) 
Bill g Bisse eee ok be ieee os See Se:.0 58.6 a heal (1.71) 
7 BU: 3 tN oe een eee Lee 66.0 63.0 B28 (1.93) 
8 [29 Ug capaho SONNE oS SIE Moers? 70.3 66.9 37.8 (2.08) 
9 Lia rd 24 eee nO te So, wk SE 72.4 68.2 37.8 (2.12) 
10 oP i eee ae 51.2 54.6 30.1 (1.73) 
Mover 0% -c2 sate tec pene oe 9.9 10.6 1.6 51) 
Rover 032298 eu. 0 aoe 2.0 —1.2 Toy —( .03) 
Mijover Mii. ooo. ee eee 3.9 2.8 2.5 —( .04) 
HUB GVEE Rice Socks: « . eey ae 8.5 4.4 120 ( 22) 
Mire over MEW. i. oes 9 —1.7 4:3 (.138) 
RErP over. Riss... ssa eee 4.3 3.9 as: (215) 
RErPK over RErP.. ..-cc.-- 2.1 iS 0.0 ( .04) 


Summarizing the data as shown in Table 8 the following observations 
may be made. 

1. The response to treatment with stable manure stands out clearly in the 
increase in production. 

2. Residues without limestone have not produced a very decided effect on 
crop yields. 

3. The effect of limestone appears to have been beneficial used either with 
manure or with residues. 

4. Phosphorus, as usual, has been more effective applied with residues than 
with manure. In the residues system the rock phosphate has just about returned 
the cost of application, but in the manure system the increases in crop yield have 
fallen far short of covering the cost. 

5. Potassium has produced no effect upon the yields of these crops that can 
be considered significant. 


THE BLOOMINGTON FIELD 


The experiments on the Bloomington field are of interest in connection with 
the management of much of the upland prairie soil as it oceurs in Woodford 
county. This field is located in McLean county, northeast of the city of Bloom- 
ington. The work was started in 1902. A radical change in the plan of the 
experiments was made in 1923, and for this reason the present discussion will 
involve results only up to that year. Altho a fairly long period of years is 
covered in these experiments, the field has only a single series of plots, so that only 
one kind of crop is represented each season. The crops employed have been corn, 
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corn, oats, clover, and wheat; and, since 1905, they have been grown in the 
sequence named. 

On account of irregularities in the land results from Plots 1 and 10 are not 
considered altogether reliable. They, therefore, are not included in the figures 
presented. Since these are the only unlimed plots, no conclusion can be drawn 
regarding the action of limestone on this field. 

Commercial nitrogen applied in the form of dried blood was used in the 
early years up to 1905, when crop residues and clover were substituted. The 
phosphorus on this field was applied in the form of steamed bone meal and at 
the rate of 200 pounds an acre a year. 

Table 9 presents a summary of the work by annual average crop yields. The 
comparisons in the lower part of the table show the effect of the different plant- 
food materials in the various combinations in which they were applied. As 
might be expected, the residues treatment, supplying organic matter and nitrogen, 
shows a beneficial effect. It is of interest to note that the effect of the residues 
is greater on the phosphorus plots than on those not receiving phosphorus. 

The outstanding feature of the results on the Bloomington field is the effect 
of phosphorus applied in the form of steamed bone meal. In every crop on every 
plot where bone meal was applied there has been a remarkable response to the 
treatment as shown by the increases in yields. This response appears in all the 
combinations, even without the presence of residues, altho in combination with 


TaBLE 9.—BLOOMINGTON FIELD: Summary or Crop YreLps 
Average Annual Yields 1902-1923—Bushels or (tons) per acre 


Serial : : Corn Oats Wheat Clover! 
eT Soil treatment applied 10 eran yee ets Saad 
2 lon sa jak eee 41.5 44.7 24.1 ( .80) 
3 UR 47.5 46.2 20.9 ( .88) 
4 IDI. Ao Ley 55.8 54.3 45.7 (2.54) 
EN TUL GB See 46.2 43.5 25.5 .93) 
6 TIS. 4 60.6 66.0 49.7 (1.19) 
7 (OLS. i 48.6 46.8 PH ERS 282) 
8 IGN ELS 2 60.9 LY fav 44.5 (2.44) 
9 LARGE 64.2 Gar 50.4 (ol) 


Increases: Bushels per acre 


PRUE TIR Ls deve cve sce hsfaais 6.0 15 3.8 .08) 
(LTR oe 2110) er 4.8 ais 4.0 — (1.35) 
LR SO SE 2.4 Bie) 2-0 —( .11) 
[CER CG 0) 2 B83 5.9 5.9 — (1.63) 
For Phosphorus 
le Gini (ee 14.3 9.6 21.6 (1.74) 
[ede 2) 0 ee IB 19.8 21.8 (© sah) 
IL SIE CO) Dt a 14.7 Ne sentt 19.0 (Li) 
Robe RK... cas. 15.6 16.3 22.9 —( .01) 
For Potassium 
LK MEW hao teu aces: = 4.7 —1.2 1.4 (© eals3) 
LR: (61 ibe! 6 —.4 —( .06) 
TDL ETS, SCS 1 0} 2 a ee 5.1. 2.9 —1.2 —( .10) 
TELE O27 ERS ON 8 0S Ca 3.6 . —2.9 Wz .38) 


1Two crops of clover seed on Plots 3, 6, 7, 9, and 10 evaluated as hay. 
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either residues or potassium the effect is accentuated. For example, if we com- 
pare Plot 3 with Plot 6 (limestone and residues with limestone, residues, and 
phosphorus) we find that the phosphorus treatment has produced an average 
increase of about 13 bushels of corn to the acre, while the yield of oats has been 
increased by about 20 bushels, wheat by about 22 bushels, and clover hay by about 
1, ton. Similar increases appear in comparing Plot 5 with Plot 8, where potas- 
sium instead of residues is present. 

Thus it appears that on this field, under this system of farming, the lack 
of phosphorus is distinctly a limiting factor in production, and the application 
of this element in the form of steamed bone meal is attended by a high financial 
profit. It is of extreme interest to know whether a similar response would follow 
the use of other phosphorus carriers, such as rock phosphate and acid phosphate, 
and experiments are now under way designed to answer this question. 

Quite different are the results from the use of potassium on this field. The 
potassium was applied mainly in the form of potassium sulfate, but in 1917 when 
this material became unavailable thru war conditions, potassium carbonate was 
substituted. There has been a moderate increase in the corn yield where potas- 
sium was used and particularly where residues were absent. Otherwise, the small 
gains shown on some plots are offset by losses on other plots, but these small 
differences are probably. well within the limits of experimental error. 


THE JOLIET FIELD 


The Joliet experiment field is located in Will county about three miles north- 
west of Joliet. Aside from a few spots of Black Clay Loam On Drab Clay 
the soil is made up of the types Brown Silt Loam On Caleareous Drift and Brown 
Silt Loam On Plastic Caleareous Drift. The main plot system, the one which 
will be considered here, is made up of six series of plots under the soil treatments 
indicated in Table 10. The original crop rotation practiced included corn, oats, 
clover, wheat, and soybeans, with alfalfa on a sixth series remaining six years. 
In 1921 the rotation was changed to corn, corn, oats, clover, and wheat, with a 
seeding of sweet clover on the residues plots, and alfalfa on the sixth series for 
six years. Since 1921 all clover has been removed as hay. In 1921 the return of 
the oats straw was discontinued, as was also the wheat straw the following year. 
The application of limestone was likewise discontinued in 1922, to be resumed 
when need for more lime becomes apparent. 


The results secured from these experiments are summarized in Table 10 to — 


show the average annual yields of the several crops including the years since 
the complete soil treatments have been in effect. 

In looking over these results one may observe first a beneficial effect of 
manure on all crops, but most pronounced on the corn. This suggests the im- 
portance of carefully conserving and regularly applying all available stable 
manure. Residues, used alone, have produced some increase in the corn, but 
have had little effect on the yield of other crops. 

Where limestone is applied usually there has been some increase in yield. 
Limestone has been especially beneficial to alfalfa. 


——— . = 
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TaB_e 10.—JOLIET FIELD, Sertms 100-600: Summary or Crop YIELDS 
Average Annual Yields 1915-1925—Bushels or (tons) per acre 


Serial ; Corn Oats | Wheat | Clover! |Soybeans| Alfalfa 

plot Soil treatment 
No. 16 crops| 11 crops| 8 crops | 6 crops | 4 crops | 4 crops 
ICS so a ee ae 31.3 56.4 Z1e 7 (298)) (Cl. 26)) (1.27) 
PAS oo Oe Oi 40.2 61.8 26.2 (1.31) | (1.39) | (1.69) 
Sr TERETE Glee figic cece sce e 44.8 63.2 30.4 (1.37) | (1.48) | (2.42) 
HON GS Se 48.2 67.4 37.9 (1.66) | (1.59) | .(8.21) 
poh) NN MEME REME Tee Fens, sie phsrate 3+, ang nie 32.3 57.1 21.7 (Q595)) | 12) 1 (1.19) 
6 LSS, ood! Gogo eg ee 37.3 58.0 23.3 (okstejt I) aa Aaah (1.14) 
if UBL os 4 eRe Bie eee 41.1 60.4 25.2 (1.01) | 14.1 (1.81) 
SMR IRERMEE EI oo cicdia es ose 46.4 66.2 36.4 (1555), | 16.2 (3.52) 
9 LAIE 2 ee 50.8 67.0 39.9 (1.67) | 16.8 (3.46) 
UME VAD ss 5 Ad se 33.6 57.3 23.0 Clee yah NL ns) 1.35) 
LUD Re Oy i 8.9 5.4 4.5 (de) C..13) .42) 
oe 5.0 9 1.6 |—(.14) 0.0 —(.05) 
TOOWONG ss cy ccs pen nse os 4.6 1.4 4.2 (.06) (.09) @73) 
LUE OK O00 Ue 3.8 2.4 1.9 (.20) 2 (.67) 
Miprrover ML;..6......... Set 4.2 7A (.29) (.11) (.79) 
GM UTEMOMCTORGIG: 5 5.6-6s6 ses yo 0 Dae 5.8 11.2 (.54) Je | Lowa) 
Mivermvover RUrP... . s,s... 4.4 8 3.5 (.12) 1G — (.06) 

1One crop of seed on Plots 6, 7, 8, and 9 evaluated as hay. 


Very marked increases have followed the application of rock phosphate, 
the use of this material having proved exceedingly profitable on this field. Profit- 
able response to potassium in the fertilizer combination here used has been secured 
only in the corn and wheat, so that considering the rotation as a whole, the value 
of crop increase has not been sufficient to cover the cost of material. It is possible 
that by reducing the expense thru the use of smaller quantities of material, the 
potassium fertilization could be made profitable. 


THE MINONK FIELD 


A University soil experiment field is located in Woodford county about a 
mile west of Minonk. This field was established in 1910. It comprizes 15 acres of 
dark-colored prairie soil of loessial and drift origin. The experimental plots lie 
mainly on Black Clay Loam On Drab Clay, altho a detailed examination reveals 
the presence of three other soil types distinguishable on account of certain profile 
characteristics. These are Brown Silt Loam, Brown Silt Loam On Caleareous 
Drift, and Brown Silt Loam On Caleareous Clay. The distribution of these 
soil types, as well as the arrangement of plots, is charted on the accompany- 
ing diagram (Fig. 2). The diagram also indicates by contour lines the topog- 
raphy of the land. . 

The field is laid out into four series of 10 plots each. The plots are one- 
fifth acre in size except in Series 100, where they are one-tenth acre, A crop 
rotation of corn, oats, clover, and wheat was practiced until 1923, when it was 
changed to corn, corn, oats, and wheat, with a seeding of hubam clover in the oats 
on all plots and biennial sweet clover in the wheat on the residues plots. In 1921 
the practice of returning the oats straw on the residues plots was discontinued, and 
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Fig. 2.—DIAGRAM OF THE MINONK EXPERIMENT FIELD 
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This diagram shows the arrangement of plots, the soil treatments applied, the location 
of the different soil types, and by means of contour lines, the natural drainage of this field. | 


in 1922 the return of the wheat straw was likewise discontinued. Up to this time 
limestone, varying in total quantity from 714 to 9 tons an acre on the different 
series, had been applied. These applications were then suspended until-such ~ 
time as the need for more lime becomes apparent. The applications of phosphate . 
were likewise indefinitely suspended in 1923 after evening up the total phosphate 
applied to 4 tons an acre on all the phosphate plots. 


TaBLe 12.—MINONK FIELD: Summary or Crop YIELDS 
Average Annual Yields 1912-1926—Bushels or (tons) per acre 


Serial Corn Oats Wheat Clover! | Soybeans 
- plot Soil treatment 
No. 19 crops 14 crops 12 crops | 7 crops 4 crops 
nD Os URERIE cote erry tests oe ements 5 kk 50.0 59.0 33.0 2.05 19.3 
2 My a has Seer Meese pete 61.0 61.2 36.1 220 20.5 
3 MT Le Sa ea eee a ae 61.2 60.7 34.2 2.20 PAs 
4" | Milir Bayes i oe aera ter GZ 60.0 36.1 2.34 21.0 
5 Oy Soe eee ees 49.0 56.0 33.6 1.22 20.7 
641) Rasa. 6 coe eee ee 59.0 62.2 35.8 13s 20.6 
Ta RLS, en ee it Eo) 61.4 62.2 32.6 1.33 19.3 
8 | RLrP 62.3 64.3 34.4 1.36 19.7 
9 RLrPE A ee see eee 59.8 64.5 33.1 1.41 17.2 
10 O..8s Ue Sa ee ee ae 45.3 56.6 27.0 1.81 15.3 
Msover'0 one en ate 11.0 2.2 3.2 +22 Le? 
R over0} eee ere eee 10.0 6.2 2.2 pale =! ol 
Mi Liover Mbeln. raya: .2 — .5 —1.9 — .07 p22 
Rbover Jens. ee ee eee 2.4 0.0 —3.2 0.00 —1.3 
MirPover Mice meceee 5 — 7 |} £29 .14 — 7 
IRAP PyOver ia eee eee a, 9 Ques 1.8 .03 4 
RicgPKovertRlckeae ee —2.5. .2 —1.3- | 05 —2.5 


‘Including the 1919 seed crop from Plots 105, 106, 107, 108 and 109 evaluated as hay and 
also two crops of stubble clover. 
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A record of the yield of all crops produced in these experiments is given in 
Table 11, but for convenience the results obtained since the complete soil treat- 
ments have been in effect are summarized in Table 12. 

In looking over these results, one observes first the naturally high productive- 
ness of this land. There is more or less response to farm manure; in the corn 
the yield is markedly increased by its use. Residues alone have likewise in- 
creased the yields of the grain crops. Limestone seems to have had no material 
effect on crop yields. Evidently this soil does not need lime. Rock Phosphate 
has proved ineffective when applied with manure and limestone, and when used 
with residues and limestone the increases in yield are too small to offset the cost 
of material. Potassium as used in these experiments has likewise been ineffective. 

These results therefore indicate the advisability of furnishing plenty of 
organic matter, either thru stable manure or thru crop residues, including 
leguminous green manure, as the best practical means of improving the produc- 

tiveness of this naturally fertile soil. 


THE HARTSBURG FIELD 


The results of experiments on the Hartsburg field are introduced as repre- 
senting the soil type Black Clay Loam On Drab Clay. This field is located 
in Logan county just east of Hartsburg. The work began in 1911. The field was 
laid off into five series of 10 plots each. The crop rotation up to 1923 was wheat, 
corn, oats, and clover, with alfalfa growing on a fifth series. The soil treatments 


TasBie 13.—HARTSBURG FIELD: Summary or Crop Y1rLps 
Average Annual Yields 1913-1925—Bushels or (tons) per acre 


Serial ; Corn! Oats Wheat | Clover? |Soybeans| Alfalfa® 
plot Soil treatment 
No. 17 crops | 13 crops | 11 crops| 6 crops | 2 crops | 10 crops 
1 (SS nc 2o sn GeO 46.7 47.6 25.6 (2.19) | (1.29) | (8.47) 
2 UL, sc o/s Re Oe ee 56.6 53.0 30.1 (2.59) (1265) fh (8267) 
P34 VIR ERGY huis lars aoe a oe 62.9 58.7 35.6 (2567)4| (4482). (3591) 
4 IMTS. 0) 61.5 58.6 38.1 (2.80) (1.93) | (4.19) 
ye lO). 2) 52.6 46.2 30.9 (1.48) 25.8 (3.33) 
Qo) Ag. oso) ee ee 62.6 54.9 34.1 (1.91) 26.8 (3.78) 
7 TARO... 6 scathe Eh 66.9 53.0 31.3 (1.82) 28.5 (3.45) 
SNM REE pes ra. bo) sysfs: pens ers 65.8 57.4 36.13 (1.97) 26.2 (4.04) 
Oe RID RIES | et se 65.2 56.7 34.7 (1.89) 26.5 (4.16) 
NO} «) Oso. 5354 oe Cee 821 48.3 31.6 (2.35) | (1.69) | (3.20) 
DO VIEIIO Moe vicheniiask a's wi yersies as 9.9 5.4 4.5 (.40) (.36) (.20) 
TE. ONT) ce One 10.0 8.7 3.2 (.48) 1.0 (.45) 
Miler Mie. 2... ... 6s... 6.3 527 Beper | aC08)| 1 GAT)! 6.24) 
tly OS lA ee 4.3 —-1.9 —2.8 |—(.09) tev |-S3@383) 
MLrP over ML... —1.4 — .l 255 (.13) (alah) (.28) 
Trilla? oye [ial Oe —1.1 4.4 4.0 (a5) We 23 (.59) 
Rirekeover ROP... ....<-.... — 6 — .7 — .6 |—(.08) Beh (12) 


1One corn crop without residues. 
2One crop stubble clover included; some seed evaluated as hay on Plots 5, 6, 7, 8, and 9. 
3No residues for the first 6 crops. 
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are as indicated in Table 13. The table summarizes, by crops, the yields of grain 
for the period during which the plots have been under full treatment. 

The outstanding feature of these results is the large increase in yields pro- 
duced by residues, which even exceeds the increase brought about, by the use of 
stable manure. 

The behavior of limestone on this field is rather peculiar in that it has been 
more beneficial where applied with manure than where used with residues. Used 
with manure, limestone shows some increase in all crops, while with residues, the 
effect on several of the crops appears negative. 

Altho rock phosphate has given some increases in wheat yield in both manure 
and residues systems, the results with other crops have been such as to render 
the use of this material unprofitable on this field. 

The addition of potassium appears to have produced no significant effect 
upon the yields of any of the crops. 

It may be mentioned that new experiments have been recently started on 
these plots which are designed to answer some of the questions brought out by the © 
foregoing results. For example, the effect of applying phosphorus in other 
carriers and in different combinations, as well as testing the residual effect of 
phosphate already applied, is being tried. 


THE VIENNA FIELD 


Inasmuch as about 50 square miles ‘in Woodford county is made up of 
Yellow Silt Loam, much of which is subject to erosion, it is believed that an 
account of some experiments on the Vienna field will be of interest here. 

In 1906 the University acquired a 16-aere tract of badly eroded land char- 
acteristic of the region near Vienna in Johnson county. The whole area with 
the exception of about three acres had been abandoned because so much of the 
surface soil had washed away and there were so many gullies as to render 
further cultivation of this land unprofitable. Experiments were started at once 
to reclaim this land, the different methods described below being used for this 
purpose. 

The field was divided into five sections. The sections designated as A, B, and 
C were divided into four plots each, and D into three plots. On section A, which 
included the steepest part of the area and contained many gullies, the land was 
built up into terraces at vertical intervals of 5 feet. Near the edge of each terrace 
a small ditch was placed so that the water could be carried to a natural outlet 
without much washing. 

On Section B the so-called embankment method was used. By this method 
erosion is prevented by plowing up ridges sufficiently high so that on the occasion 
of a heavy rainfall, if the water breaks over, it will run over in a broad sheet 
rather than in narrow channels. At the steepest part of the slope, hillside ditches 
were made for carrying away the run-off. 

Section C was washed badly but contained only small gullies. Here the 
attempt was made to prevent washing by incorporating organic matter in the soil 
and practicing deep contour plowing and contour planting. With two excep- 
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Fig. 3.— VIEW OF AN UNIMPROVED HILLSIDE JUST OVER THE FENCE FROM THE FIELD 
SHOWN IN Fig. 4 


tions, about 8 loads of manure per acre were turned under each year for the 
corn crop. 


The land on section D was washed to about the same extent as that of see- 
tion C. As a check on the different methods of reducing erosion, the land on 
section D was farmed in the most convenient way, without any special effort 
being made to prevent washing. 

Section E was badly eroded and gullied and no attempt was made to crop 
it other than to fill in the gullies with brush and to seed the land to grass. 


Sections A, B, C, and D was not entirely uniform; some parts were washed 
more than others and portions of the lower-lying land had been affected by soil 


Fig. 4— Corn GROWING ON IMPROVED HILLSIDE OF THE VIENNA EXPERIMENT FIELD. THIS 
LAND FORMERLY HAD BEEN BADLY ERODED. COMPARE WITH Fic. 3 
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material washed down from above. When the field was secured, the higher land 
had a very low producing capacity. On many spots little or nothing would grow. 
Limestone was applied to the entire field at the rate of 2 tons an aere. Corn, 
cowpeas, wheat, and clover were grown in a four- “year rotation on each section 
except D, which had but three plots. 
The results shown in Table 14 indicate something of the j onaibeiities ¢ in im- 
proving hillside land by protecting it from erosion. The average yield of corn 


TaBLE 14.—VIENNA FIELD: Hanpurinea Hitisipr Lanp To PREVENT EROSION 
Average Annual Yields 1907-1915—Bushels or (tons) per acre 


jee Corn Wheat Clover 
Section Method __Zerops 7 crops $ crops 
A "Terrace ss oo cals Baa desgh eae 31.4 9.0 (.68) 
B Embankments and hillside ditches... -......-.. 32.4 12.7 (.97) 

C | Organic matter, deep contour plowing, and con- 
tour planting: ina seca eee ae 27.9 11.7 (.80) 
D Cheek 223)))0t las... ooo aie pete se eee se ee 14.1 4.6 (.21) 


from the protected series (A, B, and C) was 30.6 bushels an acre, as against 14.1 
bushels for series D; wheat yielded 11.1 bushels in comparison with 4.6 ‘bushels; 
and clover .82 ton in comparison with .21 ton. 

A comparison of Figs, 3 and 4 will serve to indicate the possibility of im — 
proving this type of soil. 


THE OQUAWKA FIELD 


In 1913 the University established an experiment field on Dune Sand, Ter- 
race, in Henderson county, near the Mississippi river. This field is divided into 
six series of plots. Corn, soybeans, wheat, sweet clover, and rye, with a catch 
crop of sweet clover seeded in the rye on the residues plots, are grown in rotation 
on five series, while the sixth series is devoted to alfalfa. When sweet clover 
seeded in the wheat fails, cowpeas are substituted. Table 15 indicates the kinds ~ 
of treatment applied, the amounts of the materials used being in accord with the 
standard practice, as explained on page 42. 

The data make apparent the remarkably beneficial action of aenane on 
this sand soil. Where limestone has been used in conjunction with erop residues, 
the yield of corn has been doubled. The limestone has also produced good crops 
of rye and fair crops of sweet clover and alfalfa. 

This land appears to be quite indifferent to treatment with rock phosphate. 
The analyses show, however, that the stock of phosphorus in this type of soil is 
not large, and it may develop as time goes on and the supply diminishes along 
with the production of good-sized crops, that the application of this element will 
become profitable. It is also quite possible that a more available form of phos- 
phate could be used to advantage on this very sandy soil. 

Altho the results show an increase of 2.9 bushels of corn from the use of 
potassium salts, with ordinary prices this would not be a profitable. treatment. 
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The slight increases or decreases appearing in the other crops probably lie within 
the experimental error. 

A significant fact which the general summary does not bring out is that the 
improvement under favorable treatment has been progressive, as evidenced by 
a very marked upward trend in production after the first few years. For ex- 
ample, we note that the yield of corn under the limestone-residues treatment has 
been 36.7 bushels an acre as an average for the 11 crops since full treatment 
started, but if we take an average of the last five crops the yield rises to 45.7 
bushels. Likewise the average yield of wheat under this same treatment is 13.9 
bushels for the eleven-year period, but the average for the last five years is 19.6 
bushels. 


' Experience thus far shows rye to be better adapted to this land than wheat, 
and both alfalfa and sweet clover thrive better than soybeans. With these two 
legume crops thriving so well under this simple treatment, we have promise of 
great possibilities for the profitable culture of this land, which hitherto has been 
considered as practically worthless. 


Manure Manure and limestone 
Yield: nothing Yield: 4.43 tons an acre 


Fig. 5.—ALFALFA ON THE OQUAWKA FIELD 


These pictures show the possibility of improving this unproductive sandy land of the 
Oquawka field. Both plots were seeded alike to alfalfa. Where manure alone was applied, the 
crop was a total failure, but where limestone in addition to manure was applied, nearly 4% 
tons of alfalfa hay was obtained as the season’s yield. 


56 Soin Report No. 36: SUPPLEMENT 


Taste 15.—OQUAWKA FIELD: Summary or Crop YIELDS 
Average Annual Yields 1915-1925—Bushels or (tons) per acre 


Serial | Corn Soy- | Wheat | Sweet Rye | Alfalfa 
plot Soil treatment applied beans! Clover? ¢ 
No. 11crops| 11crops|11 crops| 7 crops | 9 crops | 8 crops 

1 QE S Adicc,s'52 eels oe 19.8 (1.01) Viel 0.00 11.9 ( .35) 
2 ME Sc COe Oe ees 25.0 (1.20) 10.9 0.00 13.3 ( .56) 
3 1.1 8 We, memes Ce ae, uci 32.2 (1.60) 14.6 1.14 24.5 (2.05) 
4 MODE Sir) ext Gee eee ee eeeian 31.9 (1.58) 15.0 1.14 23.0 (2.12) 
Fe. Seng 2 En, Rtn 20.1 | ( .78).| 9.8 | 0.00 | 11.7 | ¢ .08) 
6 AES, See eee eure ca bidieradiny ss 21.8 ( .76) 1 i Meal 0.00 i Ref ( .09) 
th UD cterete Goes Senor aees eae 36.7 (1.25) 13.9 1.57 24.3 (1.82) 
8 119] Pil en ogee R yas AT 36.1 (1.25) 14.1 1.43 24.3 (1.79) 
9 | patches eh te See 39.0 Gicala) 13.3 1.67 26.5 (1.87) 
ME NO Seies ep eiccee teas Ohomees 19.1 ( 2) 8.8 0.00 10.7 (2.02) 
VESOV OE) es ia. sade tie sete sree Dew (.19) Soe 0.00 1.4 (.21) 
RAO VOrN Sed: 5 a re 1.7 |—(.02) 1S 0.00 1.0 |—(.01) 
VUE OVER SNL ie nis ace ds er patciane 7.2 ( .40) 3.7 1.14 It 2 (1.49) 
ROW ERURG cn a hises ee eee ee 14.9 ( .49) 2.8 IVa 11.6 (1.73) 
1M OT Bo Sle on igs) goths OU eee, See oe —.3 |—(.02) 4 0.00 —1.5 G07) 
le Power is. ote eens! —.6 0.00 .2 | —.14 0.0 |—(.03) 
UGE Oven Hori ea eee 2.9 |—(.08) — .8 . 24 2.2 ( .08) 


‘Eleven regular crops, together with the extra crop described in footnote 2, averaged as 11 
crops. Several crops which were harvested as seed are evaluated in this summary as hay. 

2Some hay evaluated as seed. In 1918, the sweet clover was killed by early cutting for a hay 
crop. Soybeans were seeded in July and the ensuing crop is included in the soybean averages. 


THE MANITO FIELD 


The results secured on the Manito experiment field, which was located on 
Deep Peat and which was in operation during the years 1902 to 1905 inclusive, 
are presented in Table 16. 

There were 10 plots receiving the treatments indicated in the table. Where 
potassium was applied, the yield was from three to four times as large as where 
nothing was applied. Where approximately equal money values of kainit and 
potassium chlorid were applied, slightly greater yields were obtained with the 
potassium chlorid, which, however, supplied about one-third more potassium than 
the kainit. However, either material furnished more potassium than was required 
by the crops produced. 

The use of 700 pounds of sodium chlorid (common salt) produced no appre- 
ciable increase over the best untreated plots, indicating that where potassium is 
itself actually deficient, salts of other elements cannot take its place. 

Applications of 2 tons an acre of ground limestone produced no increase in 
the corn erops, either when applied alone or in combination with kainit, either the 
first year or the second. 

Reducing the application of kainit from 600 to 300 pounds for each two-year 
period reduced the total yield of cérn from 164.5 to 125.9 bushels. The two 
applications of 300 pounds of kainit (Plot 9) appear to be insufficient. 


at 
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TaBLe 16.—MANITO FIELD: Annuat Crop YIELDS 
Bushels per acre 
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Soil treatment 
for 1902 


Kainit, 600 lbs............ 


iKamit= G00 IDS. .g........ 


Acidulated bone, 350 lbs. . } 


Potassium chlorid, 200 lbs. . 


Sodium chlorid, 700 lbs.... . 


enmG S00 Ibs... 


Sodium chlorid, 700 lbs.... . 
Henini GOO TDS... 5... ou ee 


Plot 

No. 
1 None 
2 None 
3 
‘| 
5 

ar 
di 
8 
9 
10 None 


Corn | Corn Soil treatment Corn | Corn 
1902 | 1903 for 1904 1904 | 1905 
ORO GIS Siri a eINONG shee eas cratic ates ue ocd os 17205\ "1220 
10.4 | 10.4 | Limestone, 4000 Ibs........ 1220.) LOST 
Limestone, 4000 lbs....... 
30.4 | 32.4 |) Kainit, 1200 lbs.......... 49.6 | 47.3 
In@ehverhipel 4 1, eh ofstoe ae ee 
30.3 | 33.3 Steamed bone, 395 lbs..... 53.5 | 47.6 
31.2-| 33.9 | Potassium chlorid, 400 Ibs. .| 48.5 | 52.7 
eile oe DET eIN ONG gece a, cates Sa, bes: 24:0. | 22-1 
DSroe 4-son |) anit. 200, 1D Ss micinn > «0-05 44.5 | 47.3 
BORSGO Cmleainut, GOO lbs). mere... oa 44.0 | 46.0 
Abra Popes | asainite SOO LDS, «36-5 ales 41-5 | 32.9 
PIO 12208 | INGORE cee a eee ee | 26.0 | 13.6 


1No yield was taken in 1902 because of a misunderstanding. 


oo ost Sa a sm wo N 


Se Bie ee eee 
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ee 


Clay, 1911 
Moultrie, 1911 
Hardin, 1912 
Sangamon, 1912 
LaSalle, 1913 
Knox, 1913 
McDonough, 1913 
Bond, 1913 
Lake, 1915 
McLean, 1915 
Pike, 1915 
Winnebago, 1916 
Kankakee, 1916 
Tazewell, 1916 
Edgar, 1917 
DuPage, 1917 
Kane, 1917 
Champaign, 1918 


19 
20 
21 


22. 


23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 


List of Soil Reports Published 


Peoria, 1921 
Bureau, 1921 
McHenry, 1921 
Iroquois, 1922 
DeKalb, 1922 
Adams, 1922 
Livingston, 1923 
Grundy, 1924 
Hancock, 1924 
Mason, 1924 
Mercer, 1925 
Johnson, 1925 
Rock Island, 1925 
Randolph, 1925 
Saline, 1926 
Marion, 1926 
Will, 1926 
Woodford, 1927 
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ELLIS, EE. DzTURK, FiC. BAUER, 


The Soil Survey of Illinois was organized under the general supervision oe 


of Professor Cyril G. Hopkins, with Professor Jeremiah*G. Mosier directly. 
‘in charge of soil classification and mapping. After working in oaeeeueaes 
on this undertaking for eighteen years, Professor Hopkins died an es- 
sor Mosier followed two years later.. The work of these two.men nittoth 80 

. intimately into the whole project of the Hlinois Soil Survey that it is im- 
possible to disassociate their names from the individual county: reports. 
Therefore recognition is hereby accorded Professors Hopkins and Mosier for 
their contribution to the work resulting in this publication... 
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INTRODUCTORY NOTE 


It is a matter of common observation that soils vary tremendously in their 
productive power, depending upon their physical condition, their chemical com- 
position, and their biological activities. For any comprehensive plan of soil 
improvement looking toward the permanent maintenance of our agricultural 
lands, a definite knowledge of the various existing kinds or types of soil is a 
first essential. It is the purpose of a soil survey to classify the various kinds of 
soil of a given area in such a manner as to permit definite characterization for 
description and for mapping. With the information that such a survey affords, 
every farmer or landowner of the surveyed area has at hand the basis for a 
rational system of improvement of his land. At the same time the Experiment 
Station is furnished an inventory of the soils of the state, upon which intelli- 
gently to base plans for those fundamental investigations so necessary for 
solving the problems of practical soil improvement. 

This county soil report is one of a series reporting the results of the soil 
survey which, when completed, will cover the state of Illinois. Each county 
report is intended to be as nearly complete in itself as it is practicable to make 
it, even at the expense of some repetition. There is presented in the form of an 
Appendix a general discussion of the important principles of soil fertility, in 
order to help the farmer and landowner to understand the significance of the 
data furnished by the soil survey and to make intelligent application of the 
same in the maintenance and improvement of the land. In many cases it will 
be of advantage to study the Appendix in advance of the soil report proper. 

Data from experiment fields representing the more extensive types of soil, 
and furnishing valuable information regarding effective practices in soil man- 
agement, are embodied in the form of a Supplement. This Supplement should 
be referred to in connection with the descriptions of the respective soil types 
found in the body of the report. 

While the authors must assume the responsibility for the presentation of 
this report, it should be understood that the material for the report represents 
the contribution of a considerable number of the present and former members 
of the Agronomy Department working in their respective lines of soil mapping, 
soil analysis, and experiment field investigation. In this connection special 
recognition is due the late Professor J. G. Mosier, under whose direction the soil 
survey of Lee county was conducted. 
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BEEK COUNTY SOILS 


By R.S. SMITH, O. I. ELLIS, E. E. DeTURK, F.C. BAUER, ann L. H. SMITH! 


LOCATION AND CLIMATE OF LEE COUNTY 


Lee county is located in the northwestern part of Illinois. Dixon, the county 
seat, is about 100 miles west of Chicago. Lee county is of average size, con- 
sisting approximately of 723 square miles, two-thirds of which is in. the upland. 

‘The climate of Lee county is typical of the general region in which it dies. 
It is characterized by a wide range between the extremes of winter and summer, 
and by the abundant, well-distributed rainfall. The greatest range in tempera- 
ture in any one year from 1892 to 1924 was 126 degrees in 1905. The highest 
temperature recorded was 108° in 1901; the lowest, 26° below zero in 1905. The 
average date of the last killing frost in spring is April 28; the earliest in fall 
is October 11. The average length of the growing season, therefore, is 165 days. 

The average rainfall as recorded at Dixon from 1892 to 1924 was 32.29 
inches. The average rainfall by months for this period was as follows: January, 
1.61 inches; February, 1.35; March, 2.64; April, 2.57; May, 4.31; June, 3.70; 
July, 3.82; August, 3.29; September, 3.56; October, 2.37; November, 1.62; 
December, 1.45. - 


AGRICULTURAL PRODUCTION 


Grain, livestock, dairying, and mixed grain and livestock farming charac- 
terize the agriculture of the county. The mixed system of farming is most ex- 
tensively practiced. In this system the chief sources of income are dairy products, 
beef cattle, and hogs, with a supplementary income from the sale of surplus 
erain and hay. 

The livestock industry has been increasing in importance during the past 
few years, particularly in the corn-belt section in the eastern part of the county. 
A contributing cause for this is the danger of injury to the corn from early frosts. 
It apparently is more profitable to feed the crop than it is to attempt to harvest 
and sell the grain. The dairy industry is predominant near the towns of Dixon, 
Amboy, Nachusa, and Harmon. Very few creameries have been constructed in 
the farming communities. The milk is hauled to the central condensing plants. 
In the extreme eastern and southeastern parts of the county grain farming is 
followed. In the section south and west of Amboy, known as the Green river 
swamp, diversified grain farming and mixed livestock feeding are the chief 
systems. Often on a single farm, corn, oats, wheat, rye, and barley are grown. 
Alfalfa, sweet clover, and red clover give good returns, altho it is necessary to 
apply limestone on most of the soils to insure a good catch of the legumes. 

Since the acreage of rough and broken land is not large, a very small per- 
centage of natural grazing land occurs. In some cases, the rough and broken 
land is partially utilized for cultivated crops, thus further reducing the acreage 


+R. S. Smith, in charge of soil survey mapping; O. I. Ellis, Assistant Chief in soil survey 
mapping; KE, E. DeTurk, in charge of soil analysis; F. C. Bauer, in charge of experiment 
fields; L. H. Smith, in charge of publications. 
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which might well be used for pasture. Fruit and vegetables are grown only 
tor home consumption. 

According to the Fourteenth Census of the United States, there were 2,593 
farms in the county in 1919. The average size was 167 acres, 151.5 of which 
were improved. The following table shows the acreage and yield of the more 
important crops for the year 1919, as given by the above-mentioned Census. 


Crops Acreage Production Yield per acre 
Orn... eat ip sie 141,639 5,412,822bu. 38.2 bu. 
Ost A Sage sis eee 86,921 2,554,104 bu. 29.3 bu. 
NVn@aitcc.c dois mks ae ee 26,391 503,293 bu. 19.1 bu. 
RVC ee ere an cae: 11,887 167,743 bu. 14.1 bu. 
BarleyAsct. qetie meee ae 7,609 179,806 bu. 23.6 bu. 
Arete ani Aer, lt Beers LPR 5 37 , 346 53 ,906 tons 1.44 tons 
Timothy and clover........ 11,582 14,360 tons 1.23 tons 
Clowerg a eee eee. nee, 22,111 32,753 tons 1.48 tons 
UWS TEEe, Soe 8 Da eho cece eee fe 2,672 4,515 tons 1.72 tons 
Silare:cropse secs on ee 7,058 56,192 tons 7.94 tons 
Corn forforages sian. coh ate 6,501 16,989 tons 2.59 tons 


It should be borne in mind that the above. figures represent the yields of 
only a single season. 

The U. S. Department of Agriculture furnishes the following acre-yields 
for the ten-year period 1911-1920: corn, 41.0 bushels; oats, 42.38 bushels; tame 
hay, 1.8 tons; winter wheat, 20.4 bushels. Thus it appears that the census year, 
1919, was an unfavorable one for corn and oats. : 

The following figures taken from the 1920 Census show the character otf 
the livestock interests in Lee county. The total value of livestock was $7,434,370 
in 1919. 


Animals and Animal Products Number Value 


Horses’... et Sk: eee eee eee 18,959 $1,793,915 
Miles a erie coca saery lanes omar uae ee 559 62 ,004 
Beef cattle: 3x ten aes eee 29,145 1,963 ,830 
Dairy cattle aendto. ein oe ee Ee 21,493 1,659 ,640 
SWINGS. hho oe eee eee 61,034 1,461,841 
SHEED. a ee eee et are het ee eee ere we OE aT oie 160,507 
Roultrey pik. Sie aes en ee 319 ,522 334 ,633 
Eggs and ebickens.. 3). ccc ean sacs acne | ea eee 430,219 
Dairy products. ..2 voacoeeie, 6 cone eee 1,111,160 


Rock and acid phosphate, mixed fertilizers, and limestone have been used 
rather extensively thruout the county. The use of limestone has increased rapidly 
during the past few years. 


SOIL FORMATION 
GLACIATION 


One of the most important periods in the geological history of the county, 
from the standpoint of soil formation, was the Glacial period, during which 
and immediately following, the material that later formed the mineral por- 
tion of the soils was being deposited. At that time, snow and ice accumulated 
in the region of Labrador and to the west of Hudson Bay to such an amount 
that the mass pushed outward frem these centers, chiefly southward, until a 
point was reached where the ice melted as rapidly as it advanced. In moving 
across the country from the far north, the ice gathered up all sorts and sizes 
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of material, including clay, silt, sand, gravel, boulders, and even immense 
masses of rock. Some of these materials were carried for hundreds of miles 
and rubbed against surface rocks and against each other until largely ground 
into powder. When the limit of advance of the ice sheet was reached, the 
rock material carried by the ice accumulated along the front of the glacier 
in a broad, undulating ridge or moraine. When the ice melted more rapidly 
than the glacier advanced, the terminus of the glacier receded, and the material 
was deposited somewhat irregularly over the area previously covered. The 
mixture of materials deposited by the glacier is known as boulder clay, till, 
glacial drift, or simply drift. The average depth of this deposit over the 
state of Illinois is estimated as 115 feet. : 

Lee county is situated in a region of vigorous glacial and stream action. The 
bed rock is buried so deeply over most of the county that it has no influence on 
the character of the soil. An exception is found in the northwest corner of the 
county, west of Rock river, where the thickness of the glacial drift does not exceed 
three feet over much of the area. Relatively shallow drift also occurs to she north 
of Franklin Grove and Ashton. 

At least two, and possibly three, glaciers advanced across the area now in- 
cluded in Lee county. The first of these was the Illinoisan, which covered the 
entire county. A sufficiently long period of time elapsed after the retreat of 
the Illinoisan ice sheet for a thick soil to be formed before the next glacial in- 
vasion. This soil is known as the Sangamon soil. It was buried by the next 
glacier, regarding the identity of which there is considerable question. Some 
believe it was the Iowan, as indicated on the accompanying soil map; some that 
it was a lobe of the Illinoisan. Following the retreat of this glacier or ice lobe, 
as the case may be, the third and last ice invasion took place. This last invasion 
is known as the early Wisconsin. It covered about one-half of the county and 
during its advanees and retreats it constructed numerous moraines, two of which 
cross the eastern and southeastern parts of Lee county in a northeast-southwest 
direction. The main morainal ridge which closely follows the outer border of 
the swamp region of Lee and Bureau counties is known as the outer belt of 
the Bloomington moraine. This ridge is from 75 to 100 feet higher than the 
adjacent flat areas to the north and west. The inner ridge crosses the southeast 
corner of the county. 


CHANGES IN THE RIVER SYSTEMS 


The extensive swamp and sand areas in Lee county, together with other 
features, indicate that there have been great changes in the river systems in this 
region since Preglacial times. The Preglacial course of Rock river was south 
from Rockford in Winnebago county thru Rochelle in Ogle county and then in 
a general southwesterly direction to Illinois river in Bureau county. During 
the Glacial period the Preglacial Rock river was diverted to its present course 
at its junction with Kishwaukee river in southeastern Winnebago county. This 
new course was cut thru sandstone and limestone and the conditions were such 
that no extensive terraces were constructed, such as were formed along the 
- Preglacial course. 
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Other extensive changes in the drainage systems of the region have oc- 
curred, the net result of all the changes being the deep alluvial fills such as occur 
in the Inlet swamp northeast of Amboy and in the Green river basin. 

PHYSIOGRAPHY AND DRAINAGE | 

The topographie features of Lee county present considerable variation be- 
cause of the changes which have taken place in its drainage systems. The county 
constitutes an undulating to rolling plain which becomes rough and hilly as 
the north-central and northwestern parts of the county are approached. This 
plain is bisected by the Green river drainage basin, part of which marks the 

_ course of the Preglacial Rock river. This drainage basin, locally known as the 
treen river and, Inlet swamp basins, varies in topography from flat to undulating. 

Rock river, Green river, and Bureau creek, with their tributaries, form the 
main drainage systems of the county. Of these, Green river is of chief im- 
portanee. The channel of this stream has been deepened and straightened, thus 
providing satisfactory drainage for the swampy condition which formely ex- 
isted thruout the area now effectively drained by this stream. The accompany- 
ing drainage map shows clearly the drainage lines of the county. 

The following altitudes of a few places will give some idea of the general 
elevation of Lee county: Amboy, 753; Ashton, 817; Dixon, 725; Franklin 
Grove, 810; Nachusa, 790; Paw Paw, 928; Sublette, 924. 
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SOIL DEVELOPMENT 


During the time which has elapsed since the last ice invasion, weathering 
and other processes have been active, resulting in the formation of the soils of 
the county as we know them today. When first deposited, the general composi- 
tion of any soil material, particularly loess, is rather uniform. With the pass- 
ing of time, however, various physical, chemical, and biological agencies of 
weathering form soil out of the parent material by some or all of the following 
processes: the leaching of certain elements, the accumulation of others; the 
chemical reduction of certain compounds, the oxidation of others; the trans- 
location of the finer soil particles, and the arrangement of them into zones or 
horizons; and the accumulation of organic matter from the growth and decay 
of vegetable material. One of the very pronounced characteristics observed in 
most soils is that they are composed of more or less distinct strata, called hori- 
zons. As explained somewhat more fully in the Appendix, these horizons are 
named, from the surface down: A, the layer of extraction; B, the layer of con- 
centration or accumulation; and C, the layer of less-altered material, or the 
‘layer in which weathering has had less effect. The development of horizons in 
a soil is an indication of its age. 

Since the upland prairie of this region has been occupied, probably econ- 
tinuously, by grass vegetation, relatively large amounts of organic matter have 
accumulated, resulting in the formation of productive dark-colored soils. The 
areas adjacent to streams, which have been occupied by timber, are light-colored 
because of the relative deficiency of the surface soil in organie matter. The 
bottom-land soils are made up, for the most part, of alluvial material brought 
down from the uplands of the immediate vicinity. These soils are to be regarded 
as relatively young or immature and therefore have not developed horizons as 
have the mature soils of the upland. 


SOIL GROUPS 


The soils of Lee county are divided into the following groups: 

Upland Prairie Soils, including the dark-colored upland soils. 

Upland Timber Sovls, including the light-colored upland soils. 

Terrace Sows, including alluvial deposits now above overflow. 

Swamp and Bottom-Land Soils, including the overflow lands or flood plains 
along streams, the swamps, and the poorly drained lowlands. 

Residual Soils, including rock outerop areas, and soils formed in place thru 
weathering of rocks. 

_ Table 1 gives the area of each soil type in Lee county and its percentage 
of the total area. It will be observed that 61.23 percent of the county consists 
of upland prairie, 5.44 percent of upland timber, 26.22 percent of terrace, 6.49 
pereent of swamp and bottom-land soils, and .14 percent of residual soils. 

The accompanying map, appearing in three sections, shows the location and 
boundary lines of the various types. 

_ For explanation concerning the classification of soils and interpretation 
of the maps and tables, the reader is referred to the first part of the Appendix 

to this Report. 
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TasLe 1.—Sort Types or Ler County, ILino1s 
Soil Area in Area Percent 
type Name of type square in of total 
No. miles acres area 
Upland Prairie Soils (700, 900, 1100) 
726 
926) [Brows tiieativae, phere ae ita rie acee eee 350.89 224 571 48.49 
1126 
728 5|Brown Silt Loam On Limestone............. 1.54 986 «21 
60 Brown: sandy: Woam2 co) bora tae: 42.79 27 384 5.91 
1160 
760. 5|Brown Sandy Loam On Limestone........... 07 45 .O1 
728 |Brown-Gray Silt Loam On Tight Clay....... 5.64 3 610 Lea 
768 |Brown-Gray Sandy Loam On Tight Clay..... 3.96 2 534 .54 
725 ‘ 
gor | Black Sat Goan. aac eee eee 30.14 19 290 4.16 
1125 { 
os {Dune Gand 70st oe. e ara ace eee 8.15 5 215 1.12 
490. iGravellyaboam~.\ 2 sass naka spe meee nam 18 116 Peay 02 
443.36 283 751 61.23 
Upland Timber Soils (700, 900, 1100) 
734 : : 
O3f> |YellowsGrayisilt Loamy ss. 9.t ncaa ae 25.31 16 198 3.49 
1134 
735 
035} \|Yellow SutJLoams.s cc. ee asset eee 4.34 2 778 .59 
1135 
Me Yellow-Gray Sandy Loam.) 5.0) 2.76 osc- es 6.83 4 372 .94 
165. >|Yellow Sandy. bo0atiew. < ss cn on eae .76 486 .14 
734.5) Yellow-Gray Silt Loam On Limestone........ .56 358 08 
735.5| Yellow Silt Loam On Limestone............. 1.43 915 .20 
39,230 25 107 5.44 
Terrace Soils (1500) 
1527 |Brown Silt Loam Over Gravel............... 52.51 33 607 7.26 
525, |Black=SiltWoaniee see eee ete 54.89 35 130 7.58 
H561> |Black Sandy sLoamvent,4..eeeeeee he ae 34.37 21 996 4.75 
1566 |Brown Sandy Loam Over Gravel............ 30.12 19 276 4.16 
1520' Black Claysligatnensirs eae tite coe re ie te ae 1.52 973 pal 
1536 |Yellow-Gray Silt Loam Over Gravel......... 2.45 1 569 .33 
1567 |Yellow-Gray Sandy Loam Over Gravel....... 2.33 1 491 -o2 
1528 - |Brown-Gray Silt Loam On Tight Clay....... .59 378 .08 
1568 |Brown-Gray Sandy Loam On Tight Clay..... 3.31 2 118 -46 
Jb81. | Dune Sandte: wa cere see tee ee oe ania 7.45 4 768 1.03 
1562+, \Gray Sandy. ose sree che ee ee 27 173 04 
189.81 121 479 26.22 
Late Swamp and Bottom-Land Soils (1400) 
1450'S |BlacksMixed’ Loamperen. a ae neee eee 25.27 16 172 3.49 
1454. Mixed som 53 otis tien byte eeeg Rees 18.93 12 115 2.62 
1400" Deep eat... ance eee an eee ee 225K 1 645 36 
1402* 4| Medium Peat On Clay. oat ecie ee oe 15 96 .02 
46.92 30 028 : 6.49 
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TABLE 1.—Soru Typrs or Leg County, Intinors—Concluded 


Soil Area in Area Percent 

type Name of type square in of total 
No. miles acres area 

Residual Soils (000) 

LOS ORGS (eS rr 65 416 .09 

MP TOAMOSLONCOULCTOD. -...s.ccee e c twee 06 38 OL 

Whee WSUshiyy (CORO) sass 96 .02 

PPM TMmCSTONE OUGCLOD, «60. .ic. eae ce eens 15 96 .02 

1.01 646 14 

Miscellaneous 

MiG... hea ae 3.08 1 972 .43 

USMS Loe 27 12 04 

08! SE ee re 08 51 01 

3.43 2195 .48 

Sl aa aay Oi SA 723.76 463 206 100.00 


INVOICE OF THE ELEMENTS OF PLANT FOOD 
IN LEE COUNTY SOILS 


In order to obtain a knowledge of its chemical composition, each soil type 
is sampled in the manner described below and subjected to chemical analysis 
for its important plant-food elements. For this purpose samples are taken 
usually in sets of three to represent different strata in the top 40 inches of 
soil; namely, an upper stratum (0 to 624 inches), a middle stratum (6%4 to 
20 inches), and a lower stratum (20 to 40 inches). These sampling strata cor- 
respond approximately in the common kinds of soil to 2 million pounds per 
acre of dry soil in the upper stratum, and to two times and three times this 
quantity in the middle and lower strata, respectively. This, of course, is a 
purely arbitrary division of the soil section, very useful in arriving at a knowl- 
edge of the quantity and distribution of the elements of plant food in the soil, 
but it should be borne in mind that these strata seldom coincide with the 
natural strata as they actually exist in the soil and which are referred to in 
describing the soil types as horizons A, B, and C. By this system of sampling 
we have represented separately three zones for plant feeding. The upper, or 
surface layer, includes at least as much soil as is ordinarily turned with the plow, 
and this is the part with which the farm manure, limestone, phosphate, or other 
- fertilizing materials are incorporated. 

The chemical analysis of a soil, obtained by the methods here employed, 
gives the invoice of the total stock of the several plant-food materials actually 
present in the soil strata sampled and analyzed. It should be understood, how- 
ever, that the rate of liberation from their insoluble forms, a matter of at least 
equal importance, is governed by many factors, and is therefore not necessarily 
proportional to the total amounts present. 

For convenience in making application of the chemical analyses, the results 
as presented here have been translated from the percentage basis and are given 
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in the accompanying tables in terms of pounds per acre. In this, the assump- 
tion is made that for ordinary types a stratum of dry soil of the area of an acre 
and 624 inches thick weighs 2 million pounds. It is understood, of course, that 
this value is only an approximation, but it is believed that with this understand- 
ing, it will suffice for the purpose intended. It is, of course, a simple matter 
to convert these figures back to the percentage basis in case one desires to con- 
sider the information in that form. 

With respect to the presence of limestone and acidity in different strata, 
no attempt is made to include in the tabulated results figures purporting to 
represent their averages for the respective types, because of the extreme varia- 
tions frequently found within a given soil type. In examining each soil type 
in the field, however, numerous qualitative tests are made which furnish general 
information regarding the soil reaction, and in the discussion of the individual 
soil types which follow, recommendations based upon these tests are given con- _ 
cerning the lime requirement of the respective types. Such recommendations 
cannot be made specific in all cases because local variations exist, and because 
the lime requirement may change from time to time, especially under cropping 
and soil treatment. Therefore it is often desirable to determine the lime re- 
quirement for a given field and in this connection the reader is referred to the 
section in the Appendix dealing with the application of limestone (page 38). 


THE UPPER SAMPLING STRATUM 


In Table 2 are reported the amounts of organic’ carbon, nitrogen, phosphorus, 
sulfur, potassium, magnesium, and calcium in 2 million pounds of the surface 
soil of each type in Lee county. 

In connection with this table attention is called to the variation among the — 
soil types with respect to their content of the different plant-food elements. It 
will be seen from the analyses that variations in the organiec-carbon content of 
the different soils are accompanied by a parallel variation in the nitrogen con- 
tent. The organic-carbon content, which serves as a measure of the total organic 
matter present, is usually from 10 to 12 times that of the total nitrogen. This 
relationship is explained by the well-established facts that all soil organie mat- 
ter contains nitrogen, ‘and that most of the soil nitrogen (usually 98 percent or 
more) is present in a state of organic combination. This close relationship is 
also maintained in the middle and lower sampling strata. 

The range in content of organic matter and nitrogen is very wide. The 
upland prairie soils are for the most part relatively high in these constituents. 
The upland timber soils are generally fairly low, altho there is some overlapping 
of organic matter in the two groups of soil types. The upland timber soils range 
from 13,140 pounds of organic carbon an acre in Yellow Silt Loam On Lime- 
stone up-to 38,260 pounds in Yellow-Gray Silt Loam, with an average of 24,140 
pounds. The upland prairie soils, ranging from 23,130 to 123,940 pounds, aver- 
age 56,410 pounds, or more than twice the amount found in the former group. 
One type, Dune Sand, is omitted from the average for upland prairie soils as 
given above. This type, as is usually the case with very sandy soils, is very 
deficient in organic matter and nitrogen, the organic carbon amounting to only 
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_ 15,780 pounds an acre in the surface stratum. While most soils should receive 
regular additions of organic materials in the form of green or animal manures 
and crop residues in order to maintain an adequate supply of organic matter 
in actively decomposing condition, the frequent use of such materials is par- 
ticularly necessary in the management of Dune Sand and similar types. The 
porous, open character of these sandy soils permits the rapid oxidation of or- 
ganic matter, so that it disappears from the soil much more rapidly than from 
the heavier types. Dune Sand is in fact but little more than the skeleton of a 
soil and cannot readily be brought up to, and maintained in, a state of pro- 
ductiveness without first getting an accumulation of organic matter in it, and 
continuing -with frequent subsequent additions. The soil is usually acid and 
hence limestone and legume green manures constitute the first and most im- 
portant steps in converting it into a productive soil. 

Black Silt Loam contains the largest amount of organie carbon of any soil 
in the county, except Deep Peat, which is made up largely of organic matter. 
The organie carbon of Black Silt Loam amounts to 123,940 pounds an acre, with 
a corresponding nitrogen content of 16,440 pounds. While such soils as this 
will withstand more abuse by the practice of continuous cropping and are not 
so greatly in need of additions of organic materials as are soils containing 20,000 
to 30,000 pounds of organic carbon, yet the use of manure and the systematic 
growing of legumes for pasture and plowing down serve to renew the active 
organic material in the soil in a way which is reflected in increases of crop yields. 

Other elements are not so closely associated with each other as are organic 
matter and nitrogen. There is some degree of correlation, however, between 
sulfur, another element used by growing plants, and organie carbon. This is 
beeause a considerable, tho varying, proportion of the sulfur in the soil exists 
in the organic form, that is, as a constituent of the-organic matter. Most of the 
Lee county soils are fairly well supplied with sulfur. It ranges, in the surface 
soil, from a minimum of 240 pounds an acre in the residual Sand up to 4,890 
pounds in Deep Peat. Excluding Deep Peat, the sulfur content of Lee county 
soils averages approximately half that of phosphorus. The sulfur available to 
crops is affected not only by the soil supply, but also by that brought down from 
the atmosphere by rain. Sulfur dioxid escapes into the air in the gaseous 
products from the burning of all kinds of fuel, particularly coal. The gaseous 
sulfur dioxid is soluble in water and consequently it is dissolved out of the air 
by rain and brought to the earth. In regions of large coal consumption, the 
amount of sulfur thus added to the soil is relatively large. At Urbana, during 
the eight-year period from 1917 to 1924 there has been added to the soil by the 
rainfall 3.5 pounds of sulfur an acre a month as an average. Similar observa- 
tions have been made in other localities for shorter periods. At Spring Valley, 
in Bureau county, the rainfall during six summer months in 1921 brought down 
34.5 pounds of sulfur an acre, or an average monthly precipitation of 5.75 
pounds. The maximum for a single month was 8.77 pounds, in June. At 
Toledo, Cumberland county, from April to November, 1922, the average precipita- 
tion was 3 pounds an acre a month. The precipitation at the various points in 
the state in a single month has varied from a minimum of .74 of a pound to 
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10.22 pounds an acre. These figures will afford some idea of the amounts of 
sulfur added by rain and also of the wide variation in these amounts under 
different conditions. On the whole these facts would indicate that the sulfur 
added from the atmosphere supplements that contained in the soil, so that there 
appears’to be little or no need for sulfur fertilizers in Lee county. In order to 
determine definitely the response of crops to applications of sulfur fertilizers, 
experiments with gypsum have been started at five experimental fields, namely, 
Raleigh, Toledo, Carthage, Hartsburg, and Dixon. 

The upland timber soils are, on the whole, more deficient in total phosphorus 
than either the upland prairie or the terrace soils, altho one of the poorest types 
in the county in this respect is Dune Sand in the prairie, with an average phos- 
phorus content of 540 pounds. 

One type, Black Silt Loam, is outstanding in the county for its high phos- 
phorus content. As found in the upland prairie group, the surface soil of this 
type contains 3,630 pounds of phosphorus in an acre, while the samples collected 
‘in the terrace contained 3,250. pounds. This soil type not only exhibits an un- 
usually high phosphorus content, but is high in orgariic matter, nitrogen, cal- 
cium, and magnesium as well, and is fairly well supplied with sulfur. As to 
extent, this type covers, in the upland and terrace regions combined, 85 square 
miles, or 11.74 percent of the area of the county. 

Potassium is deficient in Deep Peat, as is usually the case with this soil type, 
the total amount in the upper 6% inches of soil being only 4,430 pounds an acre. 
The sandy types in Lee county are considerably lower in potassium content than 
is generally the case. 

Residual Sand has only 6,880 pounds of potassium an acre; Dune Sand, 
Terrace, 13,020 pounds; and the other sands and sandy loams vary around the 
20,000-pound level. Sand soils carry a large proportion of their potassium con- 
tent in the coarse sand grains. The relatively small total surface exposed in the 
case of the coarse particles greatly lowers the solubility and availability of the 
potassium in sand soils. This is partly offset, however, by the greater depth of the 
feeding zone for crop roots in sandy soils as compared with the heavier types. 
The other types are normal in content of potassium. 

The variation in the calcium and magnesium content in the soils of this 
county is wide. Nearly all the sand and sandy loam: types are markedly low 
in both calcium and magnesium, containing, generally; less than 4,000 pounds 
in the surface 624 inches. The soils of finer texture are fairly well supplied with 
both of these elements. 


THE MIDDLE AND LOWER SAMPLING STRATA 


In Tables 3 and 4 are recorded the amounts of the plant-food elements in 
the middle and lower sampling strata. In comparing these strata with the upper 
stratum, or with each other, it is necessary to bear in mind that the data as 
given for the middle and lower sampling strata are on the basis of 4 million 
and 6 million pounds of soil, and should therefore be divided by two and three 
respectively before being compared with each other or with the data for the 
upper stratum, which is on a basis of 2 million pounds. 
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TABLE 2.—PLANT-F0op ELEMENTS IN THE SoILs oF LEE County, ILLINoIs 
Upper SAMPLING STRATUM: ABouT 0 To 624 INCHES 
Average pounds per acre in 2 million pounds of soil 
Soil ; Total | Total | Total Total Total | Total Total 
type Soil type organic | nitro- | phos- ‘Ifa potas- |magne-| brent 
No. carbon| gen |phorus|S“™ 47} sium | sium [COU 
Upland Prairie Soils (700, 900, 1100) 
726 
i Brown silt loam. .5.......8... 62 520) 5 550} 1 350} 1 050) 32 020) 8 020) 10 280 
11 
726.5|Brown Silt Loam On Limestone .| 46 760] 3 780} 1 060} 900) 32 000) 5 800] 7 060 
em Brown Sandy Loam............ 23 130| 2 490| 900] 630] 22 690| 3 510} 3 710 
760.5)/Brown Sandy Loam On Limestone} 33 760) 2 860} 1 280) 620} 23 440] 4 600} 2 920 
728 |Brown-Gray Silt Loam On Tight ‘ 
(CUO SS a 48 360} 4 040) 1 100 720] 25 4380) 3 870} 4 340 
768 |Brown-Gray Sandy Loam On 
: RR Mabe! Marra A Renee te lier Liha No® sc vndic nave lccn| Ghia eee cilia plete eel eh coe 
(2 Wisthye Ssh Wy 123 940/16 440) 3 630} 1 980} 42 570} 12 410) 13 930 
EOS Oieete S00 15 780) 1 160 540 400] 18 240} 1 240} 3 460 
See R MEAD M OSE y ert ty cite a seal deat ce ale shee clos ee eli sacle [evil ad slate vaewelels Dableg 
Upland Timber Soils (700, 900, 1100) 
iat Yellow-Gray Silt Loam......... 38 260| 2 480! 960| 660| 37 210| 5 990| 9 540 
735 \Yellow Silt Loam.............. 29 040} 2 500} 860) 460) 37 420} 5 780) 7 820 
764 |Yellow-Gray Sandy Loam...... 25 900} 2 560} 740) 480} 27 060} 3 040) 5 640 
765 |Yellow Sandy Loam............ 16 680) 1 160 840 360] 21 400) 2 800) 4 620 
734.5|Yellow-Gray Silt Loam On 
LOtLeo i 21 820) 1 640 640 320} 30 140) 4 200) 6 400 
735.5} Yellow Silt Loam On Limestone.| 13 140} 2 940} 840} 500) 34 500} 4 900} 8 360 
Terrace Soils (1500) 
1527 |Brown Silt Loam Over Gravel...| 49 300} 4 000] 1 590) 780] 35 190} 7 650) 4 690 
loeoee Blackett LOam, ........5..00% 75 510) 6 970} 3 250} 1 020} 30 710) 12 210) 17 930 
Hoot |BlackSandy Goam..........:. 88 260} 7 900} 1 240] 1 120) 21 180} 3 800) 9 960 
1566 |Brown Sandy Loam Over Gravel] 30 060} 3 240} 950} 640) 19 110) 4 300) 4 180 
i520 eplickoClay Loam.............. 95 640} 8 780} 2 320] 1 420) 31 140) 14 880) 22 800 
1536 |Yellow-Gray Silt Loam Over 
CHRENVELL 2 92 a rr 31 940) 2 820] 2 120} 620} 36 760) 6 780) 6 780 
1567 |Yellow-Gray Sandy Loam Over 
MAG eo oe hn Op aeeeee 23 320} 1 800} 1 120} 420) 22 800) 4 100) 3 320 
1528 |Brown-Gray Silt Loam On Tight 
Wad. oa Ube eae 7 740} 4 060) 1 260) 680} 25 900) 4 900) 8 740 
1568 |Brown-Gray Sandy Loam On | 
Dini Ces er 71 700} 6 300} 1 460} 940) 22 900) 3 880) 3 080 
Pest DUMepsANds....% 65.0. ed ea pees 12 840} 940) 740} 280} 13 020} 1 580} 2 400 
1562 |Gray Sandy Loam............. 35 240} 2 940] 1 000} 620} 17 780) 3 940) 2 220 
f Late Swamp and Bottom-Land Soils (1400) 
MET Leni COUP Oni) Hil dined ea ies as|scehvcleweeecs|stcecea; een debebeace eee 
ee ee Cee eRe er al. she aie |i ces cis lem nd Sion « ccnp) alle eed o[itieaces Pasee ape die 
TDL wnt DYocy oie] PREY 5 Ue a 403 510/44 360) 1 910} 4 890} 4 430] 4 180) 26 930 
1402 |Medium Peat On Clay’ ........ 282 370|22 700| 2 180} 2 850} 9 090] 6 470] 23 530 
Residual Soils (000) 
USS Sach oe 14 140 600 480 240] 6 880 160} 1 900 
OSM SCOMWAUORM irae. ce. ete pt eee 66 540} 6 380} 1 500] 1 380} 39 580} 60 180} 90 540 


LIMESTONE AND SOIL ACIDITY.—In connection with these tabulated data it should 
be explained that the figures for limestone content and soil acidity are omitted not because of any 
lack of importance of these factors, but rather because of the peculiar difficulty of presenting in 
the form of general numerical averages reliable information concerning the limestone requirement 


for a given soil type. 


ment of the respective soil types in connection with the discussions which follow. 
’ 1No samples were obtained. | : 
1Analytical results are not included for Mixed Loam and Black Mixed Loam because of the 
_heterogeneity of these types. ; ‘ : 
3Amounts reported are for 1 million pounds of Deep Peat and Medium Peat On Clay. 


A general statement, however, will be found concerning the lime require- 
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TaBLE 3.—PLANtT-Foop ELEMENTS IN THE SoILs or Ler County, [Iniino1s 
MippLE SAMPLING StRATUM: ABouT 624 To 20 INCHES 
Average pounds per acre in 4 million pounds of soil 
Soil Total | Total | Total Total | Total 
: : . Total Total 
type Soil type organic | nitro- | phos- potas- |magne- ‘ 
No. | carbon | gen |phorus sulfur sium | sium calcium 
Upland Prairie Soils (700, 900, 1100) 
726 
O26} a Brown Sli luOatinme wer vane ait 58 310} 5 920} 2 030} 1 390} 61 580} 18 410) 18 590 
1126) 
726.5|Brown Silt Loam On Limestone .| 54 560} 4 480} 1 840} 1 520] 68 160} 14 480} 11 920 
jo} |Brown Sandy Loam............ 51 570| 3 490] 1 750| 930] 50 710] 10 200| 7 760 
760.5|/Brown Sandy Loam On Lime- 
BONG). Lee Senate ate te 35 720} 3 160} 1 720} 920} 42 880} 10 160) 5 120 
728 |Brown-Gray Silt Loam On Tight 
ON ne oe bine aoa wien ee 31 820} 3 020} 1 540} 620} 57 540} 11 300) 8 920 
768 BioernoCeay Sandy Loam On 
Tight: Clay's... 6 cialis a e-eats, 4 | edbi8 wcll be tenes ail rates | eee ae inks aio5| Hee 
f2oee Black SutnbOamM yy. vie seeds see 94 000} 8 760} 3 300} 1 620) 62 700} 25 240) 36 800 
GoM OMB AUK se et ti 00 Bete Oe nee r nyniert uch 26 480] 1 880) 1 120} 840) 36 680; 2 000) 6 440 
790 |Gravelly Loam? . 2.005. obec lle cae be elle ere vege » ae 0 ville @ 2:0 0 7 nee eee 
Upland Timber Soils (700, 900, 1100) 
ji) |Yellow-Gray Silt Loam......... 49 740| 2 620| 1 480| — 980| 72 040| 18 280] 16 780 
(oo). |Vellow: Silt osm, sanae cee ee 21 960} 2 280} 1 960} 640} 85 920) 24 440) 16 680 
764 |Yellow-Gray Sandy Loam...... 19 440] 1 800) 1 120} 680) 55 720) 9 240) 11 000 
765 |Yellow Sandy Loam.... 13 640) 1 120) 1 280) 360) 47 640) 7 200) 10 440 
734. 5)Yellow-Gray Silt Loam On Lime- 
StOne Ae aes a ee 7 800) 1 520] 1 200) 560) 57 920} 10 280} 11 400 
735.5 Yellow Silt Loam On Limestone .| 24 840] 3 000} 1 960} 720} 71 520) 13 440] 18 720 
Terrace Soils (1500) 
1527 |Brown Silt Loam Over Gravel...| 57 800] 5 100] 2 420] 1 220| 72 860] 18 460] 11 140 
152b 0 Black SiltDoam Wiles uno. ver 76 240) 6 330} 2 830} 940) 65 240) 25 310} 34 560 
1561 |Black Sandy Loam............. 54 920) 4 520} 1 160; 880} 41 240) 5 680) 11 160 
1566 |Brown Sandy Loam Over Gravel | 51 140) 4 040) 2 080); 940) 44 600) 11 520) 7 240 
jip20ea Black Clay Ihoatone se aaa 84 480} 7 960} 3 560} 1 640} 65 040} 38 000) 58 440 
1536 |Yellow-Gray Silt Loam Over 
Gravelicis Sec cercnteden ser 29 000| 2 800} 3 240} 720} 74 000} 16 600} 15 040 
1567 |Yellow-Gray Sandy Loam Over 
Gravel. > sceden Mareen 18 000) 1 240} 2 200; 600} 44 120) 9 480) 3 400 
1528 |Brown-Gray Silt Loam On Tight 
BY ca et ay cick, Oar aE, See 40 240) 3 800} 2 200} 920) 51 520} 15 480} 4 480 
1568 Brow Gray Sandy Loam On 
Tight Clay earner 28 160} 2 600} 3 640} 880} 49 760} 7 600} 5 840 
Mass NDAD VERS EN ee nan cennirdion 5 Aineto oc 14 400} 560} 1 040} 320} 32 080} 38 720! 4 920 
1562 |Gray Sandy Loam............. 21 360] 2 160} 2 040} 800] 41 400} 11 080} 2 040 
Late Swamp and Bottom-Land Soils (1400) 
1450.9 (Black Mixed Loam? sare ace tet ral ev tllieatoney PE ioe lc. cco od) (Aelotemor: 
1454 |Mixed Loam?>.. 6. ai cee eae ler e allen ee cilis sa se ells ee age eee ne Alor eet ete 
1403» «Deep: Reatts nimimaen en ot ae 779 780/86 020} 3 060] 8 320) 9 020] 9 800} 58 600 
1402 |Medium Peat On Clay’......... 219 100]18 640] 2 060} 2 620] 30 440] 17 120] 35 840 


Residual Soils (000) 


083 
098 


11 560 


560| 1 600} 360] 11 520 680 200 


LIMESTONE AND SOIL ACIDITY.—See note in Table 2. 


» 1No samples were obtained. 


*Analytical results are not included for Mixed Loam and Black Mixed Loams, because of the 


heterogeneity of these two types. 


-%Amounts reported are for 2 million pounds of Deep Peat and Medium Peat On Clay. 
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TABLE 4.—PLANT-Foop ELEMENTS IN THE SoILs oF LEE County, ILLINOIS 
LOWER SAMPLING STRATUM: ABourT 20 To 40 INCHES 


Average pounds per acre in 6 million pounds of soil 


Soil Total | Total | Total Total Total | Total Total 
type Soil type organic | nitro- | phos- sulfur | POtas- |magne-|.,, jane 
No. earbon| gen |phorus| * Tl sium | sium |°#ClU 
Upland Prairie Soils (700, 900, 1100) 

al 
O26 browse Goa... .... 0.6.0... 47 860} 3 300) 2 630} 1 160/102 300) 45 570) 48 350 
1126) 
726.5|Brown Silt Loam On Limestone |......./......].. Be fal (ka poor | ner Re ee | ME idee e * 
ia Brown Sandy Loam............ 28 540| 2 760| 1 660] 1 080| 91 800] 32 500| 34 460 
760.5|Brown Sandy Loam On Lime- 

aera a Me Pe ey src fats tga ayare ch Wate eects INerF la ets ail 'aoste dee’ eiflavdya avace tif otaler dea'g Bifie he Bead 
728 |Brown-Gray Silt Loam On 

Wig aU (Cl aa a ae 24 330) 2 520) 2 010 720| 78 760) 21 540} 16 500 
768 |Brown-Gray Sandy Loam On 

COL SNe (CILIGP! oy ofS he SRE I) HN RR | | (Ae Rae a Pay 2) 
ioe olgekietp mOsm. ..........5..> 45 300) 3 810} 4 260} 1 080/108 300} 40 110] 44 910 
Te DTC Sine a 24 720} 2 340} 1 140 900} 69 720) 10 740) 10 980 
PANY |(Goehicillyye Royce aI NSE CoA ISs acest ele raed tae, aktyrnvaliweee alk cea ee ne ae 

Upland Timber Soils (700, 900, 1100) 

ay Yellow-Gray Silt Loam.........] 25 800) 2 550} 2 910) 1 440/118 320} 51 480/108 090 
Wome hVelowioilo OAM: ............. 27 780) 3 180} 3 540 480|146 520) 48 480/123 000 
764 |Yellow-Gray Sandy Loam...... 15 000) 1 380} 1 980 780] 68 040) 16 500) 13 700 
765 \Yellow Sandy Loam............ 15 060} 1 140} 2 220} 1 140} 53 640] 11 580) 11 160 
734.5|Yellow-Gray Silt Loam On Lime- 

Se I Oe eee Lec ee Meter HRW) ss dns, ,| Gon a ey sil aed a, w [lene apeare.cal Y koe GP esel vi|ereye abet 
fomimelownoieevonm On Taimestone |... 0.50). .c..e)eccs cele cs cccdlessccec[ecneccsfescenes 


Terrace Soils (1500) 


1527 |Brown Silt Loam Over Gravel...| 31 020/ 3 030] 2 580) 1 200) 92 460] 31 250| 26 340 
1625) Black Silt Loam............... 46 380] 3 760] 4 180} 1 020) 91 510) 37 920} 37 180 
1561 |Black Sandy Loam............. 16 740) 1 440) 1 140 600} 55 560} 8 520) 13 860 
1566 |Brown Sandy Loam Over Gravel | 26 730} 2 040} 3 810} 1 290} 62 880] 17 460 860 
1520 (Black Clay Loam.............. 66 120} 5 940) 4 620} 1 680) 93 420) 75 240/216 960 
1536 ay Silt Loam Over 
hy ACHEIVE Sing 24 600) 1 920) 3 240 720} 88 380} 22 380) 29 520 
1567 Yallow-Gray Sandy Loam Over 
So | beet 17 400} 1 260) 3 300) 1 020} 49 620) 12 360) 6 480 

1528 eee Gray Silt Loam On Tight 

27 cca og Sip Staion nae 24 180) 2 400) 2 640 840] 52 620} 17 880} 3 280 
1568 Brown-Gray Sandy Loam On 

"ieeloite. (CUE IS08 3 clone eines eReae eae ee 30 540} 3 000) 4 380 600} 70 920} 17 880) 10 440 
PPMP OMMOMANG vse. a. . es ee ee ee 16 380 420} 1 440 780| 45 660} 5 100} 8 580 
obs iGrayssoandy Loam............. 17 580] 1 440} 3 180] 1 020] 45 900} 10 980] 4 860 


Late Swamp and Bottom-Land Soils (1400) 


ROM ae VRC CIMIDOR Tene | tetas es ete Nice clincles oslessenclacew ss s|eacucree]ae a eee 
Sete Aerie Teepe os yee a | ee eee ca baw calle sie oae olaga dacee 
. 1401 |Deep. Peat?..... .|1 247 880/125 610) 3 180)16 290} 15 000} 16 740) 84 060 
4402 |Medium Peat On Clay. . ree. 166 500} 10 260} 3 180] 3 600/109 380|124 140/198 300 


Residual Soils (000) 


USowloaiid mei) 25... Sd Oe OES ae ee 14 700] 1 O80] 1 860 720| 27 240] 2 220] 1 500 
GS ~ Si yareiyza | breyani ed ee Kal ec eh (se cnn le ear eee el sean 
_ LIMESTONE AND SOIL ACIDITY.—See note in Table 2. 
1No samples were obtained. 
» 2Analytical results are not included for Mixed Loam or Black Mixed Loam because of the 


heterogeneity of these types. 
3Amounts reported are for 3 million pounds of Deep Peat. 
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Considering the data in this way and comparing the three strata with each 
other, it will be noted that some of the elements exhibit no consistent change 
in amount, either upward or downward, with increasing depth. This is true 
particularly of potassium. Others exhibit more or less marked variation in 
amount at the different levels. Furthermore, these variations as a rule go in 
certain general directions, and by a careful study of them it is frequently pos- 
sible to obtain clues as to the age or stage of maturity of the various soils and 
the nature of the processes going on in soil formation. 

From this point of view it will be seen in comparing the three strata with 
each other that with the exception of Deep Peat all the soil types diminish 
rather rapidly in organic matter and nitrogen with increasing depth, and that 
this diminution ‘ts especially noticeable even in the middle stratum. The sulfur 
content decreases with increasing depth in nearly all cases. This is to be ex- 
pected since a portion of the sulfur exists in combination with the soil organic 
matter, which is more abundant in the upper strata, and since inorganic forms 
of sulfur are not tenaciously retained by the soil against the leaching action of 
ground water. Phosphorus, on the other hand, is not removed from the soil 
by leaching. It is converted by growing plants into organie forms and tends to 
accumulate in the surface soil in these forms in plant residues at the expense of 
the underlying strata. It is the second stratum (625 to 20 inches) which fur- 
nishes most of the phosphorus thus moved upward. Consequently, in nearly all 
of the soil types in Lee county the surface soil contains a larger proportionate 
amount of phosphorus than the middle stratum, and in the majority of cases 
more than the lower stratum. 

Two important basic elements; calcium and magnesium, have undergone 
some shifting in the different levels, as exhibited by analyses of upland types. - 
The calcium content, on the whole, is much higher than that of magnesium in 
the surface soil, indicating a more abundant supply of calcium in the soil-form- 
ing materials. The calcium content diminishes in the middle stratum as com- 
pared with the upper. This is accompanied by an increase in the magnesium 
content in both the middle and lower strata. These two elements are unequally 
removed from the soil by leaching, the calcium being dissolved and carried down- 
ward to a greater extent than magnesium. As they are carried downward in 
solution, magnesium is more readily reabsorbed by the soil mass than calcium, 
thus forcing the latter out into the solution to be carried farther down. Con- 
sequently, while magnesium tends to accumulate in the middle and lower strata, 
the liberated calcium, which is thus carried farther down than magnesium, may 
accumulate at still greater depths or may be washed away entirely. These move- 
ments of calcium and magnesium, as indicated by the analyses of the different, 
strata, constitute one factor in estimating the relative maturity of the various 
soil types. 

It is frequently of interest to know the total supply of a plant-food element 
accessible to the growing crops. While it is not possible to obtain this informa- 
tion exactly, especially for the deeper rooted crops, it seems probable that prac- 
tically the entire feeding range of the roots of most of our common field crops 
is included in the upper 40 inches of soil. By adding together for a given soil 
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type the corresponding figures in Tables 2, 3, and 4, the total amounts of the 
respective plant-food elements to a depth of 40 inches may be ascertained. 

Considered in this manner the tables reveal that there is not only a wide 
diversity among the different soils with respect to a given plant-food element, 
but that there is also a great variation with respect to the relative abundance 
of the various elements within a given soil type as measured by crop require- 
ments. For example, in the most extensive soil type in the county, Brown Silt 
Loam, Upland, we find that the total quantity of nitrogen in an acre to a depth 
of 40 inches amounts to 14,770 pounds. This is about the amount of nitrogen 
contained in the same number of bushels of corn. The amount of phosphorus, 
6,010 pounds, contained in an acre of the same soil is equivalent to that in 36,000 
bushels of corn, while the amount of potassium, 195,900 pounds, is equiva- 
lent to that contained in approximately one million bushels of eorn. In marked 
contrast to this soil, with respect to nitrogen, is the Yellow-Gray Silt Loam, an 
important upland timber soil type, which contains in the 40-inch stratum ap- 
proximately 7,650 pounds an acre of nitrogen, an amount equal to that in 7,650 
bushels of corn. The phosphorus content is nearly as high as in Brown Silt 
Loam, namely, 5,350 pounds in an acre, which is equivalent to that contained 
in 31,470 bushels of corn. The potassium content of Yellow-Gray Silt Loam 
amounts to 227,570 pounds. 

With respect to calcium it is not feasible to make such comparisons in soil 
types which differ within themselves as to the presence or absence of native 
calcium carbonate (limestone). In such soils the average calcium content can- 
not be taken as representative of the type. For example, one sample of Yellow- 
Gray Silt Loam was acid in the lower stratum (20 to 40 inches), the carbonates 
having been leached to a greater depth than 40 inches. Another. sample of the 
same type contained carbonates in this stratum, and consequently was non-acid. 
The acid sample contained 31,380 pounds an acre of calcium in this same stratum 
while the other had more than three times as much, or 108,090 pounds. These 
differences are thus much greater than the average variations between different 
soil types. 

These considerations are not intended to imply that it is possible to predict 
how long it might be before a certain soil would become exhausted under a 
given system of cropping. Neither do the figures necessarily indicate the im- 
mediate procedure to be followed in the improvement of a soil, for factors other 
than the amount of plant-food elements present enter into consideration. Much 
depends upon the nature of the crops to be grown, as to their utilization of 
plant-food materials, and much depends upon the condition of the plant-food 
substances themselves, as to their availability. Finally, in planning the detailed 
procedure for the improvement of a soil, there enter for consideration all the 
economic factors involved in any fertilizer treatment. Such figures do, how- 
ever, furnish an inventory of the total stocks of the plant-food elements that can 
possibly be drawn upon, and in this way contribute fundamental information 
for the intelligent planning, in a broad way, of systems of soil management for 
conserving and improving the fertility of the land. 
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DESCRIPTION OF SOIL TYPES 


UPLAND PRAIRIE SOILS 


The upland prairie soils of Lee county occupy 443.36 square miles, or 61.23 
percent of the area of the county. They are fairly uniformly distributed over 
the entire county with the exception of the southwest portion, which is occu- 
pied by swamp and terrace formations. 

These soils vary in color from black to light brown or grayish brown in the 
surface, and in texture from silts to sands. The subsoils.of this group vary in 
compactness and in other characters as will be noted in the type descriptions 
to follow. 

The dark cdlor of the prairie soils is due to the accumulation of organic 
matter, which is.derived very largely from the fibrous roots of the prairie 
erasses. The network of grass roots was protected from rapid and complete 
decay, thru the partial exclusion of oxygen by the covering of fine soil and mat 
of vegetative material consisting of old grass stems and leaves. This mat of 
stems and leaves was destroyed in part by prairie fires and by decay; but it 
was constantly renewed, and while it added but little organic matter to the soil 
directly, the decay of the prairie grass roots was retarded considerably by it. 


Brown Silt Loam (726, 926, 1126) 


Brown Silt Loam, Upland, is well distributed over the county. It occupies 
a total of about 351 square miles, or practically one-half of the area of the 
county. On the Bloomington moraine south of the Green river swamp and also 
on the upland north and west of Amboy, this type is spotted with sandy areas. 
The topography of the type varies from undulating to rolling, the latter condi- 
tion occurring in the morainie area. Drainage is well developed. thruout the 
ereater portion of the Brown Silt Loam area. Some depressions oceur in which 
artificial drainage must be provided to remove the excess water rapidly. In 
the morainic areas some of the slopes are subject to erosion, so that the organic- 
matter content is somewhat lower than the average for the type. Thruout-the 
Brown Silt Loam area numerous knolls of sandy loam occur. Many of these 
are small in size, while others are sufficiently large to be shown on the map. 
~ On the moraines the surface soil is usually shallower than it is on the inter- 
morainal areas. 

The A, horizon, which has an average depth of about 8 inches, is a light to 
medium brown silt loam. The A, horizon, extending to a depth of about 18 
inches, varies from a light yellowish brown to a brownish yellow silt loam. The 
B horizon is a uniform, slightly compact, yellow silt loam with gray joint mot- 
tling. The C horizon, below 30 inches, is a friable, yellow silt loam, see with 
bright: yellow or red iron concretions. 

In the morainic areas glacial till occurs 22 to 36 inches below the surface 
on the more rolling topography, altho usually on the moraine the glacial drift 
is found below 40 inches. The drift is a gravelly yellow silt loam. ., 

Management.—The reader is asked to turn to page 49, where he will find 
the results of the soil experiment field located in Lee county near Dixon. The 
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soil of this field is not representative of all the soil in Lee county which is 
mapped as Brown Silt Loam; it is similar, however, to a large percentage of 
the better drained portions of the type. It will be noted that manure has given 
excellent returns on this field and that the use of limestone has paid a fairly 
good profit. The use of rock phosphate has resulted in crop increases just about 
sufficient to pay for the application of half a ton of this material per acre once 
in four years. The reader is referred to page 41 for a further discussion of the 
phosphate problem. 

Present knowledge regarding the management of this soil, while not com- 
plete, indicates clearly the need for fresh organic matter and, on a considerable 
portion of the type, an application of limestone. The amount of limestone needed 
varies and should be determined for each field. The clovers or other legumes 
should be regularly grown to supply fresh organic matter and nitrogen. At 
the same time this is being done, trials may well be made of the various phos- 
phates, particularly rock phosphate and acid phosphate. It should be borne 
in mind in making these trials that, of the grain crops, wheat responds best to 
phosphate. 


Brown Silt Loam On Limestone (726.5) 


Brown Silt Loam On Limestone occurs in small, scattered areas thruout 
the dark-colored soil region in the north-central and northwestern part of the 
county. 

The A, horizon is approximately 7 inches in depth and is a brown silt loam. 
The A, horizon is a somewhat compact, brownish yellow, silty clay loam. This 
stratum gradually becomes heavier with increasing depth and passes into a 
heavy reddish yellow clay which occurs as a stratum 2 to 3 inches in thickness 
just above the more or less weathered limestone. The average depth to the lime- 
stone is about 16 inches. 

Management.—Brown Silt Loam On Limestone, as a type, is not suited to 
cropping. The underlying bed rock comes so near the surface that the soil is 
drouthy. It is now, for the most part, kept in permanent pasture, and this 
practice should be continued. Numerous outcrops occur, some of which are 
quarried and the stone crushed with portable crushers for agricultural use. 


Brown Sandy Loam (760, 960, 1160) 


Brown Sandy Loam comprizes 42.79 square miles,-or 5.91 percent of the area 
of the county. Areas of this type occur adjacent to the Green river basin and 
in the northern part of the county east of Rock river. This type was formed 
by the blowing of sand out of the sandy swamp and terrace areas of the county 
onto the upland. South of the Green river swamp there has been little mixing 
of the wind-blown sand with the upland silty material, while north of the 
Swamps there has been much mixing of the sand with the silts. No abrupt 

change occurs in this latter region between the sands and silts, while south of 
the swamps the sands have been piled over and upon the silts with little mix- 
ing. The topography of the type varies from undulating to rolling and the 
natural drainage is good. 


18 Som Report No. 37 


The A, horizon, which is about 8 inches in depth, is a brown sandy loam. 
The A, horizon, extending from 8 to 18 inches, varies from a light brown to a 
yellowish brown sandy loam. The B horizon, about 14 inches in thickness, is a 
slightly compact, yellow, sandy silt loam. The C horizon varies from a yellow 
silt loam, sandy phase, to a yellow sand. In the morainic area glacial till some- 
times occurs at a depth varying from 386 to 45 inches below the surface. 


Management.—Brown Sandy Loam, as it is mapped, varies within rather 
wide limits in sand content. A considerable portion of the type is too sandy to 
produce satisfactory yields of the grain crops when farmed by the usual meth- 
ods, and consequently much of it is now left in pasture. 

A moderate application of limestone, 2 to 3 tons an acre, should be added 
to this soil as the first step in raising its level of production. In addition to 
being slightly acid, this soil is low in nitrogen and organic matter. The char- 
acter of the soil indicates that this deficiency should be met by the use of short 
rotations, which will provide for the frequent additions of fresh organic matter 
in the form of clover, preferably sweet clover. The above plan takes into ac- 
count the leachy nature of this soil and the impossibility of economically main- 
taining its organic-matter and nitrogen contents at as high a level as is possible 
with finer textured soils. It is also suggested that trial be made of acid phos- 
phate for wheat, and of one of the potash salts for corn. Alfalfa can be grown 
satisfactorily on most, or perhaps all, of this land following the application of 
limestone. 


Brown Sandy Loam On Limestone (760.5) 


Brown Sandy Loam On Limestone is of little importance in Lee county 
because of its very limited area, 45 acres, and its low agricultural value. It is 
similar, in all respects, to Brown Silt Loam On Limestone with the exception 
of texture, 

Management.—This type should be left in permanent pasture, as its drouthy 
nature makes it unfit for cropping. 


Brown-Gray Silt Loam On Tight Clay (728) 


Brown-Gray Silt Loam On Tight Clay is irregularly distributed over the 
upland. It is frequently found in the low undrained areas of Brown Sandy 
Loam. It is flat in topography and poorly drained because of its flatness and 
also because of the presence of the highly plastic ‘‘tight clay’’ subsoil. The 
type occupies only 5.64 square miles, or less than one percent of the area of 
the county. 

The A, horizon, which is 7 to 10 inches in thickness, is usually a grayish 
brown silt loam, containing an appreciable amount of sand since the areas are 
either located in or near the sandy soils. The A, horizon, which varies from 9 to 
10 inches in thickness, is a brownish gray or yellowish gray to a gray or almost 
white silt loam. The gray layer passes abruptly into the B horizon. The latter 
is a compact, strongly mottled, yellowish gray clay, containing many red iron 
concretions. This stratum is highly impervious to the penetration of water. At 
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about 28 inches in depth, the C horizon occurs. It is a friable, mottled, drab- 
bish yellow or yellow silt loam. 


Management.—Most of the areas of Brown-Gray Silt Loam On Tight Clay 
are medium acid in reaction and require an application of about 3 tons of lime- 
stone an acre to grow sweet clover. It is well to determine the need for lime- 
stone before deciding to make an application on this type, unless it is known 
definitely that limestone is needed, for there are some areas that contain suffi- 
cient lime material. Help can be secured from the farm adviser or from the 
Agricultural Experiment Station in this matter. In addition to taking eare of 
the need for limestone, the growing and turning down of leguminous crops, and 
provision for the removal of excess water by surface drainage should be given 
consideration in the management of this soil. 


Brown-Gray Sandy Loam On Tight Clay (768) 


Brown-Gray Sandy Loam On Tight Clay, Upland, occupies slightly less than 
four square miles. In topography and drainage it is similar to Brown-Gray Silt 
Loam On Tight Clay. 

The A, horizon, which has an average depth of about 8 inches, is a grayish 
brown sandy loam. The A, horizon, extending to about 20 inches in depth, is 
a yellowish gray to gray sandy loam. This horizon passes abruptly into the B 
horizon, which is a highly impervious, plastic, compact, gray sandy clay stratum 
containing many red iron concretions. The thickness of this layer varies from 
8 to 10 inches. The material underlying this compact layer varies from a gray 
sand to a yellow sand streaked with some gray clayey sand. 


Management.—For suggestions regarding the management of this type, 
the reader is referred to the discussion of the preceding type, Brown- ae Silt 
Loam On Tight Clay (728). 


Black Silt Loam (725, 925, 1125) 


Black Silt Loam, as it occurs in the upland, is closely associated with Brown 
Silt Loam, and usually occupies the depressions and the low areas along small 
streams and draws. The topography is flat and the natural drainage is not well 
established. The areas of this type are small but are well distributed over the 
upland. The type comprizes in total 30.14 square miles, or more than 4 percent 
of the area of the county. 

The A, horizon, which averages about 7 inches in thickness, is a black silt 
loam. ‘The A, horizon, which extends to about 16 or 17 inches in depth, varies 
from a black silty clay loam to a plastic, drab clay loam. _The B horizon is a 
plastic, fairly compact, mottled, black clay loam which gradually changes into a 
plastic, drab to yellowish drab, clay loam in the lower part. 


Management.—Black Silt Loam is a rich soil, well supplied with lime and 
suited to the growth of any of the general farm crops. Portions of the type 
are so poorly drained that they are not farmed and even where regular crop- 
ping is carried on, the underdrainage frequently needs improvement. Provi- 
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sion must be made for adding fresh organic matter, even tho this soil has a high 
organic-carbon content. No fertilizer treatment is advised at the present time. 


Dune Sand (781, 981) 


Dune Sand, Upland, oceurs principally in the sandy areas bordering the 
swamps and terraces. Its total area in the county includes a little over 8 
square miles. Its presence in the upland is due to wind action upon the sandy 
material, blowing it into ridges. The sand dunes are scattered over most of 
the sandy area and vary from a few feet to 60 or 75 feet in height above the 
adjacent plain. Wind erosion has formed blowouts in many of these sand dunes, 
some of which cover a large portion of the surface of the dune. The topography 
varies from billowy to rolling. 

The A, horizon, which is about 2 or 3 inches in depth where rere has been 
some accumulation of organic matter, is a brown loamy sand. There is no 
horizon development below the thin A, or surface horizon, the material being 
incoherent yellow sand. 


Management.—Since there is very little organic matter in the sand, this. 


must be increased by the growth of legumes before other crops ean be satis- 
factorily grown. An application of limestone should be made to insure a catch 
of legumes. Reforestation also aids the abeyance of wind erosion. The reader 
is referred to page 62, where the results from the Oquawka experiment field 
will be found, for further suggestions regarding the management of this type. 


Gravelly Loam (790) 


Gravelly Loam is an unimportant type appearing in the morainal areas in 
the southeastern part of the county. It represents the gravel outerops on the 
erests of the moraine. It has very little agricultural value. Some of the gravel, 
altho not of good quality, is being used for road building. This type should 
‘be kept in permanent pasture or it may be used for small fruit production when 
conveniently situated for this purpose. 


UPLAND TIMBER SOILS 


The upland timber soils occur as irregular zones along streams and on or 
near somewhat steep morainal slopes. They are characterized by a yellowish 
gray color, which is due to their low organic-matter content. The deficiency 
of organic matter has been caused by the long-continued growth of forest trees. 
After the forests invaded the prairies, two effects were produced: the shade 
of the trees prevented the growth of prairie grasses, the roots of which are 
mainly responsible for the large organic content in prairie soils; and the trees 
themselves added very little organic matter to the soil, for the leaves and 
branches either decayed completely or were burned by forest fires. Furthermore, 
the organic matter that had been produced by the prairie grasses became grad- 
ually dissipated during the occupation of the land by the trees. As a result the 
organic-matter content of the upland timber soils has been reduced until it is 
decidedly lower than that of the adjacent prairie land. Several generations of 
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trees were necessary to produce the present condition of the soil. The upland 
timber soils of Lee county oceupy 5.44 percent of the area of the county. 


Yellow-Gray Silt Loam (734, 934, 1134) 


Yellow-Gray Silt Loam occupies 25.31 square miles, or 3.49 percent of the 
area of the county. It occurs as light-colored soil near the streams, most of it 
being situated along Rock river and its tributaries. Several isolated areas occur 
on the moraine in the southeast part of the county. The topography of the type 
varies from undulating to rolling. The natural drainage of this type is, in the 
main, good. 

The A, horizon, which is about 6 inches in depth, is a brownish yellow to a 
grayish yellow silt loam. The A, horizon is about 10 or 11 inches in thickness. 
It is a mottled yellow silt loam. The B horizon, which is about 12 inches thick, 
is a slightly mottled, slightly plastic, compact, yellow silt loam. The C horizon 
is a friable, yellow silt loam, mottled with gray, and contains many reddish brown 
iron concretions. 

Management.—Yellow-Gray Silt Loam is now used rather extensively for 
pasture, particularly the rolling portions of the type. In the morainic portion 
of the type the slopes which have been sufficiently eroded show the presence of 
carbonates. This condition can be taken advantage of for growing legumes 
without limestone. On the more nearly flat areas no carbonates occur within 40 
inches of the surface and limestone must be used for alfalfa or sweet clover and 
usually for red clover. 

This soil is low in organic matter and for this reason runs together and 
packs badly with heavy rains. This difficulty can be gradually overcome by 
providing for the return of organic matter, preferably legumes, at frequent inter- 
vals. The portions of this type which are topographically suitable for regular 
cropping are productive when good farming methods are practiced. In addition 
to the use of limestone and legumes, as above suggested, it is advised that a ° 
thoro trial be made of both rock and acid phosphate. The most approved method 
of using rock phosphate is well known. Acid phosphate should be applied for 
wheat after plowing and before working down the seed bed, at the rate of 
about 300 pounds an acre. No definite statements are made as to which of 
these phosphates is likely to prove superior on Yellow-Gray Silt Loam because 
there is no experiment field located on this type, as it occurs in Lee county, 
from which conclusions may be drawn. 


Yellow Silt Loam (735, 935, 1135) | 


Yellow Silt Loam occurs as hilly and eroded land in the form of an inner 
timber belt adjacent to streams, and also on other slopes where erosion has 
gone on for a considerable period of time. It occupies only a small part of the 
area of the county, the total area of the type being less than four and a half 
square miles. 

The A, horizon, which varies from 0 to 8 inches in thickness, depending on 
the rate of erosion, is a brownish yellow to yellow silt loam. Erosion has re- 
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moved most of the upper horizons, and the B horizon, or subsoil, oceurs either 
immediately at the surface or just below it. It is a slightly plastic, compact, silty 
elay, golden yellow in color. 


Management.—The most difficult problem in the management of Yellow Silt 
Loam is to control general surface washing and gullying. If the land is cropped 
at all, a rotation should be adopted which provides for some sort of vegetation 
on the ground as much of the time as is possible, and for a minimum of culti- 
vated crops. When the land is tilled, care must be taken in plowing and eulti- 
vating the slopes not to encourage the starting of gullies. Every effort should 
be made to maintain and increase the organic-matter content of the soil. It 
would be well to reforest some of the areas near the river and thus stop the con- 
tinual erosion by'that method. An application of limestone for growing legumes 
is recommended. 


Yellow-Gray Sandy Loam (764, 964) 


Yellow-Gray Sandy Loam occurs in the northern part of the county and 
in the sandy areas adjacent to the swamp region. It covers 6.83 square miles, 
or a little less than 1 percent of the area of the county. Its topography varies 
from undulating to rolling. Drainage is fairly good in most of the areas. 

The A, horizon, which is about 5 inches in depth, is a grayish yellow sandy 
loam. The A, horizon, extending to about 17 inches in depth, is a yellow sandy 
loam. The B horizon is a slightly compact, yellow, sandy clay loam. Below 30 
inches a coarse-grained, yellow, sandy silt loam occurs, frequently passing into 
glacial till of a gravelly textured material at 36 to 38 inches below the surface. 

Management.—The management requirements of this type are practically 
the same as for Yellow-Gray Silt Loam. An application of limestone at the rate 
of 2 to 8 tons an acre is recommended for the growing of legumes. Wind erosion 
is somewhat troublesome on this soil and special methods should be used to con- 
trol it, such as keeping vegetation on the land during as large a portion of the 


year as possible and using tillage methods which leave the surface somewhat. 


rough. 


Yellow Sandy Loam (765) 


Yellow Sandy Loam oceupies only .76 square mile, or .14 percent of the 
area of the county. It is found in the region of the outcrops of St. Peter’s sand- 
stone along Rock river. The topography of the type is rolling, with some rather 
short steep slopes. 

The A, horizon varies in thickness from 0 to 3 inches, depending on the 
amount of accumulation of organic matter, and is a grayish yellow sandy loam. 
The A, horizon, extending to about 15 inches in depth, is a yellow sandy loam. 
The B horizon, which is about 8 inches thick, is a slightly compact, yellow, sandy, 
silt loam. The C horizon is a reddish yellow, sandy clay loam becoming a fairly 
sticky, residual sandy clay just above the sandstone. The depth _ the sand- 
stone varies from 25 to 45 inches. 
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Management.—This type should be devoted exclusively to timber. It is now 
generally bearing a fair growth of jack oak, red oak, and hickory. 


Yellow-Gray Silt Loam On Limestone (734.5) 


Yellow-Gray Silt Loam On Limestone is one of the minor types in Lee 
county. It comprizes only 358 acres and occurs as isolated areas in the north- 
western part of the county. It is undulating in topography. If the limestone 
is near the surface, the areas are practically non-agricultural, except for pas- 
ture. This type changes abruptly into the eroded Yellow Silt Loam On Lime- 
stone. Often upon breaking up the soil, dark spots appear on the surface. 
These spots occur where the underlying limestone is sufficiently near the sur- 
face to keep the surface soil supplied with carbonates, thus retaining the dark- 
colored organic compounds. 

The A, horizon, which is about 5 inches in depth, is a grayish yellow silt 
loam. The A, horizon, extending to 18 inches in depth, is a yellow silt loam. 
The B horizon is a compact, yellow silt loam, becoming slightly reddish just 
above the limestone, Often a heavy, red, residual clay, 2 to 3 inches in thick- 
ness, occurs directly above the rock. The average depth to the limestone. rock 
is 22 to 24 inches. 

Management.—Much of this type is best suited for pasture because of the 
nearness of the limestone to the surface. The areas which are suitable for culti- 
vation require the same management as that advised for Yellow- Gray Silt Loam 
with the exception that less limestone is required. 


Yellow Silt Loam On Limestone (735.5) 


Yellow Silt Loam On Limestone occupies only 1.48 square miles, or 915 
acres. It is found in the northwestern part of the county where erosion has 
removed most of the surface soil. 

The A, horizon is a brownish yellow to grayish yellow silt loam, averaging 


~ about 3 or 4 inches in depth, depending upon the depth of accumulated organic 


matter. The A, horizon, which is about 10 inches in thickness, is a yellow silt 
loam. The B horizon is a plastic, compact, yellow silt loam, mottled with gray 
and containing many red iron coneretions. The depth to the underlying lime- 
stone varies from 8 to 30 inches. 

Management.—This type is, very largely, suitable only for pasture or timber. 


TERRACE SOILS 


Terrace soils are formed on terraces or old fills. The terraces owe their 
formation to the deposition of material of overloaded streams which became 
greatly enlarged and flooded the valleys during the melting of the glaciers. Some- 
times these valleys were filled almost to the level of the upland. Later the 
streams cut down thru the fills and developed new bottom lands. The lowest 
and most recently formed bottom land is called first bottom. The higher land, 
no longer flooded, or very rarely so, is designated as second bottom, or terrace. 
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Brown Silt Loam Over Gravel (1527) 


Brown Silt Loam Over Gravel is one of the most widely distributed terrace 


types in Lee county. The largest areas of the type occur in the Inlet swamp. 


region in the northeastern part of the county. It occupies 52.51 square miles, 
or 7.26 percent of the area of the county. The areas of the type which occur 
in the Green river basin contain an appreciable amount of sand. The topography 
of the type is flat to undulating. Drainage is well established. 

The A, horizon, which is about 8 inches in depth, is a light brown to brown 
silt loam. The A, horizon, extending to about 18 inches in depth, is a yellowish 
brown silt loam. The B horizon, which is about 14 inches thick, varies from a 
friable, yellow silt loam to a slightly plastic, yellow, silty clay loam with slight 
mottling. Below’ 82 inches, the material varies from a friable, yellow, sandy silt 
loam to a sandy loam with terrace gravel and sand occurring from 38 to 45 
inches below the surface. 

Management.—Brown Silt Loam Over Gravel shows considerable variation 
in lime requirement. Fer this reason it is advised that the assistance of the 
farm adviser or the Experiment Station be secured in determining whether any 
limestone is needed, and if so, how much. The reader is referred to the dis- 
cussion of the management of Brown Silt Loam, Upland, (page 16) for fur- 
ther suggestions regarding the management of this terrace type. 


Black Silt Loam (1525) 


Black Silt Loam, Terrace, occupies 54.89 square miles, or 7.58 percent of the 
area of the county. It is closely associated with Brown Silt Loam, Terrace, but oc- 
cupies lower-lying areas. In the southwestern part of the county the type is 
more or less sandy in texture, owing to the wind blowing some of the sandy 
material upon the silty areas. The topography is flat. 

The A, horizon, which is about 6 inches thick, is a black silt loam. The 
A, horizon, extending to about 18 inches in depth, is a plastic, black clay loam 
or silty clay loam. The B horizon, which is 10 to 12 inches in thickness, is a 
plastic, slightly compact, drabbish black to black clay loam, with an appreciable 
amount of sand present in the areas that occur in the western part of the 
county. The C horizon varies from a partially friable, yellow, silty clay loam 
to a drab clay loam, containing yellow and red iron concretions. 


Management.—Black Silt Loam, Terrace, is rich in organie matter, much 
of which, however, is probably resistant to decay because it is in an advanced 
stage of decomposition. The chief requirements in the management of this type 
are the improvement of the underdrainage and the control of the harmful effects 
of the alkaline condition associated. with poor drainage. 

The installation of good underdrainage may be expected to decrease gradu- 
ally the amount of alkali in the soil, tho the decrease to a point where there 
is no longer alkali toxicity is slow. Treatment with potash salts, either potas- 
sium sulfate, or potassium chlorid, at the rate of about 100 pounds an aere, will 
counteract the bad effects of the alkali. Straw and strawy manure are also good 


materials to apply to alkali soils. This soil produces good alfalfa and sweet . 


clover. 


| 
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Black Sandy Loam (1561) 


Black Sandy Loam occurs fairly well distributed thruout the swamp area 
of Lee county and covers an area of 34.37 square miles, or 4.75 percent of the 
area of the county. Its topography is flat. This type was developed under con- 
ditions of poor drainage. 

The A, horizon, which is about 10 to 12 inches in depth, is predominantly 
a black sandy loam. It varies in texture from a peaty loam to a sandy loam. 
The A, horizon extends to about 30 inches in depth and it ranges from a black 
sandy loam to black sand. The B horizon is a slightly compact, drabbish yel- 
low, clay loam or sandy clay loam containing red iron concretions. 

Management.—Black Sandy Loam, Terrace, as it occurs in Lee county, is 
very generally alkaline and in need of better drainage. Much has already been 
done in improving the drainage conditions. In laying tile in this soil, great care 
must be used in making the joints as the fine sand particles, many of which are 
rounded, cause trouble by clogging the drains. For further suggestions re- 
garding the management of this type, the reader is referred to yet recommenda- 
tions made for Black Silt Loam, Terrace, page 24. 


Brown Sandy Loam Over Gravel (1566) 


Brown Sandy Loam Over Gravel is one of the predominating soil types of 
the Green river basin. It occupies 30.12 square miles, or 4.16 percent of the 
area of the county. Its topography varies from undulating to slightly rolling, 
the rolling topography being represented by the sand dunes. The areas are 
slightly higher than the adjacent Black Sandy Loam. 

The A, horizon, which is about 8 inches in depth, is a brown sandy loam. 
The A, horizon, extending to about 20 inches in depth, is a brownish yellow to 
yellow sandy loam. The B horizon is a medium to coarse-grained yellow sandy 
loam. Very little sandy gravel occurs within 60 inches of the surface. 

Management.—Brown Sandy Loam Over Gravel, as it is mapped, shows 
considerable variation both in character of the soil and in productivity. The 
better portions of the type are productive when well farmed and present no 
unusual problems of management. The poorer areas are very sandy and are 
subject to drouth and to drifting by the wind. The drainage of this type has 
been fairly well taken care of by open ditches and tile. 

No very specific recommendation can be made for the use of limestone be- 
cause of the great variability in lime requirement. The higher, coarser-textured 
areas are uniformly acid and need 2 to 3 tons of limestone an acre to grow 
alfalfa or sweet clover. These higher areas are in particular need of nitrogenous 
organic matter and will grow good corn following the turning down of a green- 
manure crop of sweet clover in the spring. Alfalfa may be grown successfully 


on this land, tho particular care must be used in getting a stand. 


Black Clay Loam (1520) 


Black Clay Loam occurs in the Inlet swamp in the eastern part of the county 
and occupies 1.52 square miles. It is flat in topography and is on the same level 
as the Black Silt Loam. The transition between these two types is gradual. 
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The A, horizon, which is about 6 inches in depth, is a black clay loam. The 
A, horizon, extending to 12 inches in depth, is a heavy, plastic, black clay loam, 
gradually changing into a plastic, slightly compact, drab clay loam subsoil which 
extends to about 22 inches in depth. The B horizon is a plastic, drab clay loam 
splotched with yellow streaks and containing numerous red iron concretions. 


Management.—Black Clay Loam, Terrace, is a productive soil, does. not 
need limestone, and rarely shows an alkaline condition. It requires only good 
farming, including some improvement in underdrainage and regular additions 
of nitrogenous organic matter, to produce good crops. 


 Yellow-Gray Silt Loam Over Gravel (1536) 


Yellow-Gray Silt Loam Over Gravel is found along Rock river. It occupies 
only 2.45 square miles, or .33 percent of the area of the county. Its topography 
is slightly undulating. The natural drainage of the type is good, owing to the 
gravelly and sandy subsoil. 

The A, horizon, which is about 6 inches in depth, varies from a grayish 
yellow to a brownish yellow silt loam. The A, horizon, extending to about 18 
inches in depth, is a grayish yellow silt loam, becoming strongly mottled below 
12 inches. The B horizon, which is about 10 inches thick, is a compact, strongly 
mottled, yellow silt loam. It rests on a yellowish gray sandy loam with some 
fine gravel occurring 40 to 50 inches below the surface. 

Management.—Yellow-Gray Silt Loam Over Gravel is well drained and pro- 
ductive if well farmed. It is somewhat acid and is low in nitrogen and organic 
matter. About 2 tons of limestone an acre will permit the growth of sweet 
clover and alfalfa. It is an excellent alfalfa soil, and if this crop is grown, it 
is suggested that an application of 1% to 1 ton an acre of rock phosphate, or 
‘500 pounds of acid phosphate, be made and well worked into the soil at the 
time of seeding. 


Yellow-Gray Sandy Loam Over Gravel (1567) 


Yellow-Gray Sandy Loam Over Gravel occurs in small areas along Rock 
river and in the Green river terrace southwest of Amboy. It covers an area of 
2.33 square miles, or .32 percent of the area of the county. In topography it 
varies from undulating to rolling, owing in part to the presence of sand dunes. 

The A, horizon is about 4 or 5 inches in depth and is a grayish yellow sandy 
loam. The A, horizon, which is about 12 inches in thickness, is a slightly mot- 
tled, yellow sandy loam. The B horizon, which is 6 or 7 inches thick, is a 
slightly compact, slightly mottled, yellow, clayey sandy loam. Below this depth 
yellow sand occurs. 


Management.—Yellow-Gray Sandy Loam Over Gravel is a less productive 
soil than Yellow-Gray Silt Loam Over Gravel. It needs the same treatment as 
suggested for the latter type with particular attention being given to,its nitrogen 
and organic-matter deficiencies. 
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Brown-Gray Silt Loam On Tight Clay (1528) 


Brown-Gray Silt Loam On Tight Clay, Terrace, occurs in small areas thru- 
out the terraces of both the Green river basin and Inlet swamp. It occupies only 
.59 square mile in the county. Often these areas are of a more or less sandy 
texture, owing to the close association with sandy goils. The topography is flat 
and the natural drainage is poor. 

The A, horizon, to a depth of 6 inches, is a grayish brown to brown silt 
loam, with an appreciable amount of sand. The A, horizon is a stratum of 
eray silt extending to 20 inches in depth. The B horizon, which is about 10 
inches in thickness, is a highly plastic, compact, tight clay, yellowish gray to 
eray in color. Below 30 inches a gray to drabbish gray clay loam occurs. This 
is plastie but not tight. 


Management.—Brown-Gray Silt Loam On Tight Clay, Terrace, has the 
same management requirements as the corresponding upland type to which the 
reader is referred for suggestions, page 18. 


Brown-Gray Sandy Loam On Tight Clay (1568) 


Brown-Gray Sandy Loam On Tight Clay, Terrace, occurs as scattering areas 
in the Green river swamp, usually in connection with the sand dunes. It oe- 
cupies 3.31 square miles, or .46 percent of the area of the county. Its topography 
is flat and its natural drainage is poor. Seepage waters from the sand dunes 
keep some of the areas well saturated. 

The A, horizon, which is 4 to 8 inches in depth, is a brown sandy loam with 
a gray cast, particularly after it dries following a rain. The A, horizon, which 
is about 10 inches in thickness, is a yellowish gray to gray sandy loam. The B 
horizon, which is 6 or 8 inches in thickness, is a gray, sandy, highly impervious 
clay. Below this depth yellowish gray sand occurs. 


Management.—Brown-Gray Sandy Loam On Tight Clay is strongly acid, 
requiring 3 to 4 tons of limestone an acre. Otherwise its management require- 
ments are the same as those for the corresponding upland type, suggestions for 
which are found on page 19. 


Dune Sand (1581) 


Dune Sand, Terrace, is widely distributed thruout the Green river swamp 
and Inlet swamp. The dunes vary from 2 or 3 feet to 50 or 60 feet in height. 
They cover all told, 7.45 square miles, or 1.03 percent of the area of the county. 
The topography varies from billowy to rolling. 

The A, horizon is a brownish yellow, loamy sand where there has been a 
little organic-matter accumulation. At a depth of 3 or 4 inches this changes 
into a yellow sand which extends to a considerable depth below 40 inches. 

Management.—The management of Dune Sand, Terrace, differs in no essen- 
tial from the management of Dune Sand, Upland. A discussion of the manage- 
ment of the latter type will be found on page 20. 
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Gray Sandy Loam (1562) 


Gray Sandy Loam occupies 173 acres in Lee county and is located in the 
northwest corner of Reynolds township, Township 39 North, Range 1 East. The 
area is so situated that it receives much seepage water. This faet probably ac- 
counts for the formation of this type. aes 

The A, horizon, which is about 6 inches in depth, is a brownish gray to yel- 
lowish gray sandy loam. The A, horizon, extending to a depth of about 14 
inches, is a yellowish gray to gray sandy loam. The B horizon is a compact, im- 
pervious, sandy clay loam subsoil, varying from yellowish gray to yellow in 
color. Below an average depth of 32 inches a yellow sand occurs which is usually 
water logged even during the periods of drouth. 

Management.—Gray Sandy Loam, Terrace, fortunately occupies a very small 
area in Lee county. Its management is the same as that required for Brown- 
Gray Silt Loam On Tight Clay, see page 19. 


LATE SWAMP AND BOTTOM-LAND SOILS 


In the group designated as Swamp and Bottom-Land Soils are included the 
bottom lands or flood plains along streams, the swamps, the poorly drained low- 
lands, and peats and mucks, whether on upland or terraces. Much of the soil 
is of alluvial formation and is subject to overflow. 


Black Mixed Loam (1450) 


Black Mixed Loam occurs as low swampy areas along streams and the poorly 
drained depressions in the uplands and terraces. It occupies a total area of 
25.27 square miles. 

The A, horizon varies from 7 to 8 inches in depth. It is brown to black 
in color and varies in texture from sandy loam to silt loam. Below this depth 
the color becomes drabbish black or drab, with the proportion of drab becoming 
ereater with increasing depth. Considerable variation occurs in the texture of 
both the subsurface and the subsoil. 

Management.—Black Mixed Loam is a productive soil when well drained ; 
however, drainage is so poor over much of the type that it is left in pasture and 
meadow. The chief difficulty in draining this land is in getting outlets. 


Mixed Loam (1454) 


Mixed Loam oceurs as first bottom along Rock river, Green river, and sev- 
eral small streams in the county. It occupies 18.93 square miles, or 2.62 percent 
of the area of the county. This type cannot be adequately described because of 
its variations. It is mapped as Mixed Loam because it is made up of a mixture 
of several types which occur in areas too small to be mapped separately. 

The surface varies in color from brown to yellowish gray and in texture 
from a silt loam to a clay loam. The material below the 8- or 9-inch surface 
horizon also varies in texture, but usually has a yellowish gray color. 
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Management.—Mixed Loam is subject to overflow and the deposition of new 
material maintains a supply of the elements of plant food. Good farming is the 
only requirement in the management of this type. 


Deep Peat (1401) 


Deep Peat is found in seattering areas thruout the swamp and upland, total- 
ing 2.57 square miles. The largest area is located in Sections 1 and 12, Town- 
ship 37 North, Range 2 East. 

The soil is a brown to black, well-decomposed peat to a depth of several 
feet, with the exception that near the borders of the areas a clay to sandy clay 
subsoil oceurs from 35 to 40 inches below the surface. 

Management.—The Deep Peat in Lee county is, for the most part, not suffi- 
ciently alkaline to injure crops. Drainage has been provided in most of the 
areas by means of open ditches. It is advisable'to apply about 100 pounds per 
aere of one of the potash salts for corn. 


Medium Peat On Clay (1402) 


Medium Peat On Clay is found in a few small scattered areas thruout the 
county. The largest area is located in Wyoming township (Section 12, Town- 
ship 37 North, Range 2 East). This area covers about 96 acres. It is fairly well 
drained and the depth to clay is fairly uniform over the area. The soil is about 
the same in texture and color as the Deep Peat with the exception that at 18 
to 20 inches in depth the drab clay subsoil oceurs and extends to below the 40- 
inch depth. This type requires the same management as Deep Peat. 


RESIDUAL SOILS 


Residual soils are formed from the residue left in place thru the weather- 
ing of the bed rock and the accumulation of organic matter. These soils are 
found along Rock river and its tributaries. A few isolated areas are found in 
the vicinity of Ashton and Lee Center. The residual soils are formed from 
both limestone and sandstone. 


Sand (083) 


Residual Sand occurs in the vicinity of Grand de Tour, where a fold in the 
underlying rock has occurred and caused the sandstone to outcrop. This fold 
is known as the LaSalle anticline. Thru weathering, the sandstone has disin- 
tegrated into a white sand which supports very little vegetative growth. No 
soil horizons have been developed. Often broken pieces of sandstone are found 
mixed with the sand. This formation is non-agricultural in value. Very little 
pasture is obtainable on it for grazing purposes. 


Sandstone Outcrop (099) 


Sandstone Outerop occurs along the Rock river bluffs, in the vicinity of 
Grand de Tour, where the river makes its picturesque bend. It is non-agri- 
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cultural, and the only value of the formation lies in its scenic beauty. The type 
occupies an area of 38 acres in the county, i 


Stony Loam (098) 


Stony Loam occurs on the slopes of the eroded areas in the northern part 
of the county. Stones ranging up to 8 or 10 inches in diameter are numerous 
enough to interfere with cultivation. This type occupies only .15 square mile, 
or .02 percent of the county. It is of little agricultural value. 


Limestone Outcrop (099) 


Limestone Outcrop is found in abundance along Rock river and its small 
tributaries. Most of the outcrops occur as vertical exposures varying from 5 
or 6 feet to 60 or 70 feet in thickness. There are no shipping quarries in Lee 
county. There are, however, numerous quarry sites in the northwestern and 
north-central parts of the county. Many of these outcrops are suitable for de- 
velopment as a source of agricultural limestone. Information regarding posi- 
tion, character, and composition of these outcrops may be secured from the State 
Geological Survey, Urbana, or from the Agricultural Experiment Station. 


APPENDIX 
EXPLANATIONS FOR INTERPRETING THE SOIL SURVEY 
CLASSIFICATION OF SOILS 


In order to interpret the soil map intelligently, the reader must understand 
something of the method of soil classification upon which the survey is based. 
Without going far into details the following paragraphs are intended to furnish 
a brief explanation of the general plan of classification used. 

The soil type is the unit of classification. Each type has definite charac- 
teristics upon which its separation from other types is based. These character- 
istics are inherent in the strata, or “‘horizons,’’ which constitute the soil profile 
in all mature soils) Among them may be mentioned color, structure, texture, 
and chemical composition. Other items, such as native vegetation (whether 
timber or prairie), topography, and geological origin and formation, may assist 
in the differentiation of types, altho they are not fundamental to it. 

Since some of the terms used in designating the factors which are taken 
into account in establishing soil types are technical in nature, the following defi- 
nitions are introduced : 


Horizon. A layer or stratum of soil which differs discernibly from those adjacent in 
color, texture, structure, chemical composition, or a combination of these characteristics, is 
called an horizon. In describing a matured soil, three horizons designated as A, B, and 0 
are usually considered. 

A designates the upper horizon and, as developed under the conditions of a humid, tem- 
perate climate, represents the layer of extraction or eluviation; that is to say, material in 
solution or in suspension has passed out of this zone thru the processes of weathering. 

B represents the layer of concentration or illuviation; that is, the layer developed as a 
result of the accumulation of material thru the downward movement of water from the A 
horizon. 

C designates the layer lying below the B horizon and in which the material has been less 

affected by the weathering processes. 
Frequently differences within these strata or zones are discernible, in which case they 
are subdivided and described under such designations as A,, and A,, By, and B,, ete. 

Soil Profile. The soil section as a whole is spoken of as the soil profile. 

Depth and Thickness. The horizons or layers which make up the soil profile vary in 
depth and thickness. These variations are distinguishing features in the separation of soils 
into types. 

Physical Composition. The physical composition, sometimes referred to as ‘‘texture,’’ 
is a most important feature in characterizing a soil. The texture depends upon the rela- 
tive proportions of the following physical constituents: clay, silt, fine sand, sand, gravel, 
stones, and organic material. 

Structure. The term ‘‘structure’’ has reference to the aggregation of particles within 
the soil mass and carries such qualifying terms as open, granular, compact, columnar, 
laminated. 

Organic-Matter Content. The organic matter of soil is derived largely from plant 
tissue and it exists in a more or less advanced stage of decomposition. Orfaniec matter 
forms the predominating constituent in certain soils of swampy formation. 

Color. Color is determined to a large extent by the proportion of organic matter, but 
at the same time it is modified by the mineral constituents, especially by iron compounds. 

Reaction. The term ‘‘reaction’’ refers to the chemical state of the soil with respect 
to acid or alkaline condition. It also involves the idea of degree, as strongly acid or 
strongly alkaline. 

Carbonate Content. The carbonate content has reference to the calcium carbonate 
(limestone) present, which in some cases may be associated with magnesium or other car- 
bonates. The depth at which carbonates are found may become a very important factor 
in determining the soil type. 

Topography. Topography has reference to the lay of the land, as level, rolling, hilly, ete. 
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Native Vegetation. The vegetation or plant growth before being disturbed by man, 
as prairie grasses and forest trees, is a feature frequently recognized in differentiating soil 


types. 
a Geological Origin. Geological origin involves the idea of character of rock materials 
composing the soil as well as the method of formation of the soil material. 

Not infrequently areas are encountered in which type characters are not 
distinetly developed or in which they show considerable variation. "When these 
variations are considered to have sufficient significance, type separations are 
made whenever the areas involved are sufficiently large. Because of the almost 
infinite variability occurring in soils, one of the exacting tasks of the soil sur- 
veyor is to determine the degree of variation which is allowable for any given 
type. 

Classifying Soil Types.—In the system of classification used, the types fall 
first into four general groups based upon their geological relationships; namely, 
upland, terrace, swamp and bottom land, and residual. These groups may be 
subdivided into prairie soils and timber soils, altho as a matter of fact this sub- 
division is applied in the main only to the upland group. These terms are all 
explained in the foregoing part of this Report in connection with the description 
of the particular soil types. 

Naming and Numbering Soil Types.—In the Illinois soil survey a system 
of nomenclature is used which is intended to make the type name convey some 
idea of the nature of the soil. Thus the name ‘‘Yellow-Gray Silt Loam”’ ear- 
ries in itself a more or less definite description of the type. It should not be 
assumed, however, that this system of nomenclature makes it possible to devise 
type names which are adequately descriptive, because the profile of mature soils 
is usually made up of three or more horizons and it is impossible to describe each 
horizon in the type name. The color and texture of the surface soil are usually 
included in the type name and when material such as sand, gravel, or rock lies 
at a depth of less than 30 inches, the fact is indicated by the word ‘‘On,’’ and when 
its depth exceeds 30 inches, by the word ‘‘Over’’; for example, Brown Silt Loam 
On Gravel, and Brown Silt Loam Over Gravel. 

As a further step in systematizing the listing of the soils of Illinois, recog- 
nition is given to the location of the types with respect to the geological areas 
in which they occur. According to a geological survey made many years ago, 
the state has been divided into seventeen areas with respect to geological forma- 
tion and, for the purposes of the soil survey, each of these areas has been assigned 
an index number. The names of the areas together with their general location 
and their corresponding index numbers are given in the following list. 


000 Residual, soils formed in place thru disintegration of rocks, and also rock outerop 

100 Unglaciated, including three areas, the largest being in the south end of the state 

200 Illinoisan moraines, including the moraines of the Ilinoisan glaciations 

300 Lower Illinoisan glaciation, formerly considered as covering nearly the south third of the 
state 

400 Middle Illinoisan glaciation, covering about a dozen counties in the west-central part 
of the state 

500 Upper Illinoisan glaciation, covering about fourteen counties northwest of the middle 
Tllinoisan glaciation 

_ 600 Pre-Iowan glaciation, now believed to be part of the upper Dlinoisan 
700 Iowan glaciation, lying in the central northern end of the state 
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800 Deep loess areas, including a zone a few miles wide along the Wabash, Illinois, and 
Mississippi rivers 

900 Early Wisconsin moraines, including the moraines of the early Wisconsin glaciation 

1000 Late Wisconsin moraines, including the moraines of the late Wisconsin glaciation 

1100 Early Wisconsin glaciation, covering the greater part of the northeast quarter of the 
state 

1200 Late Wisconsin glaciation, lying in the northeast corner of the state 

1300 Old river-bottom and swamp lands, formed by material derived from the Illinoisan or 
older glaciations } 

1400 Late river-bottom and swamp lands, formed by material derived from the Wisconsin and 
Iowan glaciations 

1500 Terraces, bench or second bottom lands, and gravel outwash plains 

1600 Laoustrine deposits, formed by Lake Chicago, the enlarged Glacial Lake Michigan 


Further information regarding these geological areas is given in connection 
with the general map mentioned above and published in Bulletin 123 (1908). 

Another set of index numbers is assigned to the classes of soils as based 
upon physical composition. The following list contains the names of these classes 
with their corresponding index numbers. 


Index Number Limits Class Names 
PSMA tested p erorc cis cis s alnvo he Ge Dike ce eee ss Peats 

SMM cetedax™ CterereT ol wratc Gis tiers slates: vie, secaie. ered a0 Peaty loams 
LOOMS ete RAT Ia oer Kolo, Syd eieree! sushi’ esis fale ala, Mucks 
PEMMIMPLO Pen oC atets stocic\eVo cera cv. 6 G.0's\ obo 6 aes Clays 
BROMUOIL CO clausicusre pie afeles tars) e/e(0'e. bbe) susie, Ruseare.’ Clay loams 
RUUD ea Eeeh 5 ois.) s/igai ave (ais alate obeys <b wie o:esbie Vie.6 Silt loams 
ROMEO O Cita cate sisrsl4/s! 5.0) sie Wie.sisisi siete aoe bis os 6 Loams 

AROMA Deere ay Siove s0/'a slo) &.iolaiis sea aieiel sistea 8 ere aie 0 Sandy loams 
BSUS O oie Toss s\'si-steva.\e\'e sisi shewis/euh sne.iofece © ays)’ Sands 

PIMOS Geter cian oy ch adtre es aters'e, clare se leieier a's Gravelly loams 
SEY TG) Osi, 3 Gri icity ROR RCC ICCC CO ao RO Gravels 

Os! 3). Qo AB GCOS DO Oe BODLDO Ce CoCo erase Stony loams 
LO cong dae OSDIR OU ONG to COba Oerniaioek Rock outcrop 


As a convenient means of designating types and their location with respect 
to the geological areas of the state, each type is given a number made up of a 
combination of the index numbers explained above. This number indicates the 
type and the geological area in which it occurs. The geological area is always 
indicated by the digits of the order of hundreds while the balance of the number 
designates the type. To illustrate: the number 1126 means Brown Silt Loam 
in the early Wisconsin glaciation, 434 means Yellow-Gray Silt Loam of the mid- 
dle Illinoisan glaciation. These numbers are especially useful in designating 
very small areas on the map and as a check in reading the colors. 

A complete list of the soil types occurring in each county, along with their 
corresponding type numbers and the area covered by each type, will be found 
in the respective county soil reports in connection with the maps. 


SOIL SURVEY METHODS 


Mapping of Soil Types.—In conducting the soil survey, the county consti- 
tutes the unit of working area. The field work is done by parties of two to four 
men each. The field season extends from early in April to Thanksgiving. Dur- 
ing the winter months the men are engaged in preparing a copy of the soil map 
to be sent to the lithographer, a copy for the use of the county farm adviser until 
the printed map is available, and a third copy for use in the office in order to 
preserve the original official map in good condition. 
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An accurate base map for field use is necessary for soil mapping. These 
maps are prepared on a scale of one inch to the mile, the official data of the 
original or subsequent land survey being used as the basis in their construction. 
Each surveyor is provided with one of these base maps, which he carries with 
him in the field; and the soil type boundaries, together with the streams, roads, 
railroads, canals, town sites, and rock and gravel quarries are placed in their 
proper location upon the map while the mapper is on the area. With the rapid 
development of road improvement during the past few years, it is almost in- 
evitable that some recently established roads will not appear on the published 
soil map. Similarly, changes in other artificial features will occasionally occur 
in the interim between the preparation of the map and its publication. The 
detail or minimum size of areas which are shown on the map varies somewhat, 
but in general a soil type if less than five acres in extent is not shown. 

A soil auger is carried by each man with which he can examine the soil to 
a depth of 40 inches. An extension for making the auger 80 inches long is taken 
by each party, so that the deeper subsoil may be studied. Each man carries a 
compass to aid in keeping directions. Distances along roads are measured by 
a speedometer or other measuring device, while distances in the field away from 
the roads are measured by pacing. 

Sampling for Analysis—After all the soil types of a county have been 
located and mapped, samples representative of the different types are collected 
for chemical analysis. The samples for this purpose are usually taken in three 
depths; namely, 0 to 624 inches, 624 to 20 inches, and 20 to 40 inches, as explained 
in connection with the discussion of the analytical data beginning on page 7. 


PRINCIPLES OF SOIL FERTILITY 


Probably no agricultural fact is more generally known by farmers and land- 
owners than that soils differ in productive power. A fact of equal importance, 
not so generally recognized, is that they also differ in other characteristics such 
as response to fertilizer treatment and to management. 

The soil is a dynamic, ever-changing, exceedingly complex substance made 
up of organic and inorganic materials and teeming with life in the form of 
microorganisms. Because of these characteristics, the soil cannot be considered 
as a reservoir into which a given quantity of an element or elements of plant 
food can be poured with the assurance that it will respond with a given increase 
in crop yield. In a similar manner it cannot be expected to respond with per- 
fect uniformity to a given set of management standards. To be productive a soil 
must be in such condition physically with respect to structure and moisture as 
to encourage root development; and in such condition chemically that injurious 
substances are not present in harmful amounts, that a sufficient supply of the 
elements of plant food become available or usable during the growing season, 
and that lime materials are present in sufficient abundance favorable for the 
growth of the higher plants and of the beneficial microorganisms. _ Good soil 
management under humid conditions involves the adoption of those tillage, crop- 
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ping, and fertilizer treatment methods which will result in profitable and per- 
manent crop production on the soil type concerned. 

The following paragraphs are intended to state in a brief way some of the 
principles of soil management and treatment which are fundamental to profitable 
and continued productivity. 


CROP REQUIREMENTS WITH RESPECT TO PLANT-FOOD MATERIALS 


Ten of the chemical elements are known to be essential for the growth of 
the higher plants. These are carbon, hydrogen, oxygen, nitrogen, phosphorus, 
sulfur, potassium, calcium, magnesium, and iron. Other elements are absorbed 
from the soil by growing plants, including manganese, silicon, sodium, aluminum, 
chlorin, and boron. It is probable that these latter elements are present in 
plants for the most part, not because they are required, but because they are 
dissolved in the soil water and the plant has no means of preventing their 
entrance. There is some evidence, however, which indicates that certain of these 
elements, notably manganese, silicon, and boron, may be either essential but 
required in only minute quantities, or very beneficial to plant growth under 
certain conditions, even tho not essential. Thus, for example, manganese has 
produced marked increases in crop yields on heavily limed soils. Sodium also 
has been found capable of partially replacing potassium in case of a shortage 
of the latter element. 

Table 5 shows the requirements of some of our most common field crops 
with respect to seven important plant-food elements furnished by the soil. The 
figures show the weight in pounds of the various elements contained in a bushel 
or in a ton, as the case may be. From these data the amount of an element re- 
moved from an acre of land by a crop of a given yield can easily be computed. 


_Tasue 5.—Puant-Foop ELEMENTS IN ComMMON FARM Crops! 


ea Nitrogen Phos- Sulfur | Potas- | Magne- | Calcium} Iron 
Kind Amount phorus sium sium 
lbs. lbs lbs. lbs. lbs lbs lbs. 
Wheat, grain...) 1 bu. 1.42 24 .10 .26 .08 .02 .O1 
Wheat straw...} 1 ton 10.00 1.60 2.80 18.00 1.60 3.80 .60 
Corn, grain....} 1 bu. 1.00 ally .08 .19 .07 01 .O1 
Corn stover....| 1 ton 16.00 2.00 2.42 ies 3.390 7.00 1.60 
Corn cobs..... 1 ton COO)" | Sesion Crater AS OO erated tit paaccr tee | See 
Oats, grain..... 1 bu. .66 all .06 .16 04 .02 01 
Oats straw..... 1 ton 12.40 2.00 4.14 20.80 2.80 6.00 1.12 
Clover seed....| 1 bu. Ho: OO! Tienes BAO 225 PS |e ae 
Clover hay....} 1 ton 40.00 5.00 3.28 30.00 7.75 29.25 1.00 
Soybean seed ..} 1 bu. 3.22 .39 27 1.26 15 CLAS aes 


Soybean hay...] 1 ton 43.40 4,74 5.18 35.48 13.84 21.00" || eaee 
Alfalfa hay....| 1 ton 52.08 4.76 5.96 16.64 8.00 PPO hone & 


1These data are brought together from various sources. Some allowance must be made for the exactness of the 
figures because samples representing the same kind of crop or the same kind of material frequently exhibit consid- 
erable variation. 
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PLANT-FOOD SUPPLY 


Of the elements of plant food, three (carbon, oxygen, and hydrogen) are 
secured irom air and water, and the others from the soil. Nitrogen, one of the 
elements obtained from the soil by all plants, may also be secured from the air 
by the class of plants known as legumes, in case the amount liberated from the 
soil is insufficient; but even these plants, which include only the clovers, peas, 
beans, and vetches among our common agricultural plants, are dependent upon 
the soil for the other six elements (phosphorus, potassium, magnesium, calcium, 
iron, and sulfur), and they also utilize the soil nitrogen so far as it becomes 
soluble and available during their period of growth. 

The vast difference with respect to the supply of these essential plant-food 
elements in different soils is well brought out in the data of the Illinois soil 
survey. For example, it has been found that the nitrogen in the surface 675 
inches, which represents the plowed stratum, varies in amount from 180 pounds 
per acre to more than 35,900 pounds. In like manner the phosphorus content 
varies from about 320 to 4,900 pounds, and the potassium ranges from 1.530 to 
about 58,000 pounds. Similar variations are found in all of the other essential 
plant-food elements of the soil. 

With these facts in mind it is easy to understand how a deficiency of one 
of these elements of plant food may become a limiting factor of erop production. 
When an element becomes so reduced in quantity as to become a limiting factor 
of production, then we must look for some outside source of supply. Table 6 


Taste 6.—PiLant-Foop ELEMENTS IN Manvcnze, Rovucn FEEDs, AND Fertmizers' 


Pounds of plant food per ton 
of material 


Aelia bay.c.. 50.02 -bo-6 >. ten see we 3-7 
Sweet dover (water-free basis)*...-------------- 


COmoror MNNY WwW 


2Y oung second-year growth ready to plow under as green manure. 
*Wood ashes also contain about 1,000 pounds of lime (calcium carbonate) per ton. 


ivy 
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is presented for the purpose of furnishing information regarding the quantity 
of some of the more important plant-food elements contained in materials most 
commonly used as sources of supply. 


LIBERATION OF PLANT FOOD 


The chemical analysis of the soil gives the invoice of plant-food elements 
actually present in the soil strata sampled and analyzed, but the rate of libera- 
tion is governed by many factors, some of which may be controlled by the farmer, 
while others are largely beyond his control. Chief among the important con- 
trollable factors which influence the liberation of plant food are the choice of 
erops to be grown, the use of limestone, and the incorporation of organic matter. 
Tillage, especially plowing, also has a considerable effect in this connection. 


Feeding Power of Plants—Different species of plants exhibit a very great 
diversity in their ability to obtain plant food directly from the insoluble minerals 
of the soil. As a class, the legumes—especially such biennial and perennial 
legumes as red clover, sweet clover, and alfalfa—are endowed with unusual 
power to assimilate from mineral sourees such elements as calcium and phos- 
phorus, converting them into available forms for the crops that follow. For this 
reason it is especially advantageous to employ such legumes in connection with 
the application of limestone and rock phosphate. Thru their growth and subse- 
quent decay large quantities of the mineral elements are liberated for the benefit 
of the cereal crops which follow in the rotation. Moreover, as an effect of the 
deep-rooting habit of these legumes, mineral plant-food elements are brought up 
and rendered available from the vast reservoirs of the lower subsoil. 


Effect of Limestone—Limestone corrects the acidity of the soil and supplies 
ealeium, thus encouraging the development not only of the nitrogen-gathering 
bacteria which live in the nodules on the roots of clover, cowpeas, and other 
legumes, but also the nitrifying bacteria, which have power to transform the 
unavailable organic nitrogen into available nitrate nitrogen. At the same time, 
the products of this decomposition have power to dissolve the minerals contained 
in the soil, such as potassium and magnesium compounds. _ 

Organic Matter and Biological Action—Organiec matter may be supplied 
thru animal manures, consisting of the excreta of animals and usually accom- 
panied by more or less stable litter; and by plant manures, including green- 
manure crops and cover crops plowed under, and also crop residues such as stalks, 
straw, and chaff. The rate of decay of organic matter depends largely upon its 
age, condition, and origin, and it may be hastened by tillage. The chemical 
analysis shows correctly the total organic carbon, which constitutes, as a rule, 
but little more than half the organic matter; so that 20,000 pounds of organic 
carbon in the plowed soil of an acre corresponds to nearly 20 tons of organic 
matter. But this organic matter consists largely of the old organic residues that 
have accumulated during the past centuries because they were resistant to decay, 
and 2 tons of clover or cowpeas plowed under may have greater power to liberate 
plant-food materials than 20 tons of old, inactive organic matter. The history of 
the individual farm or field must be depended upon for information concerning 
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recent additions of active organic matter, whether in applications of farm 
manure, in legume crops, or in sods of old pastures. 

The condition of the organic matter of the soil is indicated to some extent 
by the ratio of carbon to nitrogen. Fresh organic matter recently incorporated 
with the soil contains a very much higher proportion of carbon to nitrogen than 
do the old resistant organic residues of the soil. The proportion of carbon to 
nitrogen is higher in the surface soil than in the corresponding subsoil, and in 
general this ratio is wider in highly productive soils well charged with active 
organic matter than in very old, worn soils badly in need of active organic matter. 

The organic matter furnishes food for bacteria, and as it decays certain 
decomposition products are formed, including much carbonic acid, some nitrous 
acid, and various:organic acids, and these acting upon the soil have the power to 
dissolve the essential mineral plant foods, thus furnishing available phosphates, 
nitrates, and other salts of potassium, magnesium, calcium, ete., for the use of 
the growing crop. 

Effect of Tillage.—Tillage, or cultivation, also hastens the liberation of plant- 
food elements by permitting the air to enter the soil. It should be remembered, 
however, that tillage is wholly destructive, in that it adds nothing whatever to 
the soil, but always leaves it poorer, so far as plant-food materials are concerned. 
Tillage should be practiced so far as is necessary to prepare a suitable seed bed 
for root development and also for the purpose of killing weeds, but more than 
this is unnecessary and unprofitable; and it is much better actually to enrich 
the soil by proper applications of limestone, organic matter, and other fertilizing 
materials, and thus promote soil conditions favorable for vigorous plant growth, 
than to depend upon excessive cultivation to accomplish the same object at the 
expense of the soil. 


PERMANENT SOIL IMPROVEMENT 


According to the kind of soil involved, any comprehensive plan contemplat- 
ing a permanent system of agriculture will need to take into account some of the 
following considerations. 


The Application of Limestone 


The Function of Limestone.—In considering the application of limestone 
to land it should be understood that this material functions in several different 
ways, and that a beneficial result may therefore be attributable to quite diverse 
causes. Limestone provides calcium, of which certain crops are strong feeders. 
It corrects acidity of the soil, thus making for some crops a much more favorable 
environment as well as establishing conditions absolutely required for some of 
the beneficial legume bacteria. It accelerates nitrification and nitrogen fixation. 
It promotes sanitation of the soil by inhibiting the growth of certain fungous 
diseases, such as corn-root rot. Experience indicates that it modifies either 
directly or indirectly the physical structure of fine-textured soils, frequently to 
their great improvement. Thus, working in one or more of these different ways, 
limestone often becomes the key to the improvement of worn lands. 
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How to Ascertain the Need for Limestone.—One of the most reliable indica- 
tions as to whether a soil needs limestone is the character of the growth of certain 
legumes, particularly sweet clover and alfalfa. These crops do not thrive in 
acid soils. Their successful growth, therefore, indicates the lack of sufficient 
acidity in the soil to be harmful. In case of their failure to grow the soil should 
be tested for acidity as described below. A very valuable test for ascertaining 
the need of a soil for limestone is found in the potassium thiocyanate test for 
soil acidity. It is desirable to make the test for carbonates along with the acidity 
test. Limestone is calcium carbonate, while dolomite is the combined carbonates 
of calcium and magnesium. The natural occurrence of these carbonates in the 
soil is sufficient assurance that no limestone is needed,*and the acidity test. will 
be negative. On lands which have been treated with limestone, however, the 
surface soil may give a positive test for carbonates, owing to the presence of 
undecomposed pieces of limestone, and at the same time a positive test for acidity 
may be secured. Such a result means either that insufficient limestone has been 
added to neutralize the acidity, or that it has not been in the soil long enough 
to entirely correct the acidity. In making these tests, it is desirable to examine 
samples of soil from different depths, since carbonates may be present, even in 
abundance, below a surface stratum that is acid. Following are the direttions 
for making the tests: 


The Potassium Thiocyanate Test for Acidity. This test is made with a 4-percent solu- 
tion of potassium thiocyanate in aleohol—4 grams of potassium thiocyanate in 100 cubic 
centimeters of 95-percent alcohol.t When a small quantity of soil shaken up in a test tube 
with this solution: gives a red color the soil is acid and limestone should be applied. If the 
solution remains colorless the soil is not acid. An excess of water interferes with the reac- 
tion. The sample when tested, therefore, should be at least as dry as when the soil is in 
good tillable condition. For a prompt reaction the temperature of the soil and solution 
should be not lower than that of comfortable working conditions (60° to 75° Fahrenheit). 


The Hydrochloric Acid Test for Carbonates. Take a small representative sample of 
soil and pour upon it a few drops of hydrochloric (muriatic) acid, prepared by diluting the 
concentrated acid with an equal volume of water. The presence of limestone or some other 
carbonates will be shown by the appearance of gas bubbles within 2 or 3 minutes, producing 
foaming or effervescence. The absence of carbonates in a soil is not in itself evidence that 
the soil is acid or that limestone should be applied, but it indicates that the confirmatory 
potassium thiocyanate test should be carried out. 


Amounts to Apply.—Acid soils should be treated with limestone whenever 
such application is at all practicable. The initial application varies with the 
degree of acidity and will usually range from 2 to 6 tons an acre. The larger 
amounts will be needed on strongly acid soils, particularly on land being pre- 
pared for alfalfa. When sufficient limestone has been used to establish condi- 
tions favorable to the growth of legumes, no further applications are necessary 
until the acidity again develops to such an extent as to interfere with the best 
growth of these crops. This will ordinarily be at intervals of several years. In 
the case of an inadequate supply of magnesium in the soil, the occasional use 
of magnesian (dolomitic) limestone would serve to correct this deficiency. 
Otherwise, so far as present knowledge indicates, either form of limestone— 


*Since undenatured alcohol is difficult to obtain, some of the denatured alcohols have been 
tested for making this solution. Completely denatured alcohol made over U. S. Formulas No. 
1 and No. 4, have been found satisfactory. Some commercial firms are also offering other 
preparations which are satisfactory. 
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high-caleium or magnesian—will be equally effective, depending upon the purity 
and fineness of the respective stones. 


Fineness of Material_—The fineness to which limestone is ground is an im- 
portant consideration in its use for soil improvement. Experiments indicate that 
a considerable range in this regard is permissible. Very fine grinding insures 
ready solubility; and thus promptness in action; but the finer the grinding the 
greater is the expense involved. A grinding, therefore, that furnishes not too 
large a proportion of coarser particles along with the finer, similar to that of the 
by-product material on the market, is to be recommended. Altho the exact pro- 
portions of coarse and fine material cannot be prescribed, it may be said that 
a limestone crushed so that the coarsest fragments will pass thru a sereen of 4 to 10 
meshes to the inch is satisfactory if the total product is used. 


The Nitrogen Problem 


Nitrogen presents the greatest practical soil problem in American agricul- 
ture. Four important reasons for this are: its increasing deficiency in most | 
soils; its cost when purchased on the open market; its removal in large amounts 
by crops; and its loss from soils thru leaching. Nitrogen usually costs from 
four to five times as much per pound as phosphorus. A 100-bushel crop of corn 
requires 150 pounds of nitrogen for its growth, but only 23 pounds of phosphorus. 
The loss of nitrogen from soils may vary from a few pounds to over one hundred 
pounds per acre, depending upon the treatment of the soil, the distribution of 
rainfall, and the protection afforded by growing crops. 

An inexhaustible supply of nitrogen is present in the air. Above each acre 
of the earth’s surface there are about sixty-nine million pounds of atmospheric 
nitrogen. The nitrogen above one square mile weighs twenty million tons, an 
amount sufficient to supply the entire world for four or five decades. This large 
supply of nitrogen in the air is the one to which the world must eventually turn. 

There are two methods of collecting the inert nitrogen gas of the air and 
combining it into compounds that will furnish products for plant growth. These 
are the chemical and the biological fixation of the atmospheric nitrogen. Farmers 
have at their command one of these methods. By growing inoculated legumes, 
nitrogen may be obtained from the air, and by plowing under more than the 
roots of these legumes, nitrogen may be added to the soil. 

Inasmuch as legumes are worth growing for purposes other than a fixation 
of atmospheric nitrogen, a considerable portion of the nitrogen thus gained 
may be considered a by-product. Because of that fact, it is questionable whether 
the chemical fixation of nitrogen will ever be able to replace the simple method 
of obtaining atmospheric nitrogen by growing inoculated legumes in the pro- 
duction of our great grain and forage crops. 

It: may well be kept in mind that the following amounts of nitrogen are 
Yequired for the produce named: 


1 bushel of oats (grain and straw) requires 1 pound of nitrogen. 

1 bushel of corn (grain and stalks) requires 1144 pounds of nitrogen. rr 
1 bushel of wheat (grain and straw) requires 2 pounds of nitrogen. 

1 ton of timothy contains 24 pounds of nitrogen. 

1 ton of clover contains 40 pounds of nitrogen. 
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1 ton of cowpea hay.contains 43 pounds of nitrogen. 

1 ton of alfalfa contains 50 pounds of nitrogen. 

1 ton of average manure contains 10 pounds of nitrogen. 

1 ton of young sweet clover, at about the stage of growth when it is plowed under as 

green manure, contains, on water-free basis, 80 pounds of nitrogen. 

The roots of clover contain about half as much nitrogen as the tops, and the 
roots of cowpeas contain about one-tenth as much as the tops. Soils of mod- 
erate productive power will furnish as much nitrogen to clover (and two or three 
times as much to cowpeas) as will be left in the roots and stubble. In grain 
crops, such as wheat, corn, and oats, about two-thirds of the nitrogen is con- 
tained in the grain and one-third in the straw or stalks. 


The Phosphorus Problem 


The element phosphorus is an indispensable constituent of every living cell. 
It is intimately connected with the life processes of both plants and animals, the 
nuclear material of the cells being especially rich in this element. 

The phosphorus content of the soil is dependent upon the origin of the soil. 
The removal of phosphorus by continuous cropping slowly reduces the amount 
of this element in the soil available for crop use, unless its addition is provided 
for by natural means, such as overflow, or by agricultural practices, such as the 
addition of phosphatic fertilizers and rotations in which deep-rooting, leguminous 
crops are frequently grown. 

It should be borne in mind in connection with the application of phosphate, 
or of any other fertilizing material, to the soil, that no benefit can result until 
the need for it has become a limiting factor in plant growth. For example, if 
there is already present in the soil sufficient available phosphorus to produce a 
forty-bushel crop, and the nitrogen supply or the moisture supply is sufficient 
for only forty bushels, or less, then extra phosphorus added to the soil cannot 
increase the yield beyond this forty-bushel limit. 

There are several different materials containing phosphorus which are 
applied to land as fertilizer. The more important of these are bone meal, acid 
phosphate, natural raw rock phosphate, and basic slag. Obviously that carrier 
of phosphorus which gives the most economical returns, as considered from all 
standpoints, is the most suitable one to use. Altho this matter has been the 
subject of much discussion and investigation the question still remains unsettled. 
Probably there is no single carrier of phosphorus that will prove to be the most 
economical one to use under all circumstances because so much depends upon 
soil conditions, crops grown, length of haul, and market conditions. 


Bone meal, prepared from the bones of animals, appears on the market in 
two different forms, raw and steamed. Raw bone meal contains, besides the 
phosphorus, a considerable percentage of nitrogen which adds a useless expense 
if the material is purchased only for the sake of the phosphorus. As a source of 
phosphorus, steamed bone meal is preferable to raw bone meal. Steamed bone 
meal is prepared by extracting most of the nitrogenous and fatty matter from 
the bones, thus producing a more nearly pure form of calcium phosphate con- 
taining about 10 to 12 percent of the element phosphorus. 
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Acid phosphate is produced by treating rock phosphate with sulfurie acid. 
The two are mixed in about equal amounts; the product therefore contains 
about one-half as much phosphorus as the rock phosphate itself. Besides phos- 
phorus, acid phosphate also contains sulfur, which is likewise an element of 
plant food. The phosphorus in acid phosphate is more readily available for 
absorption by plants than that of raw rock phosphate. Acid phosphate of good 
quality should contain 6 percent or more of the element phosphorus. 

Rock phosphate, sometimes called floats, is a mineral substance found in 
vast deposits in certain regions. The phosphorus in this mineral exists chem- 
ically as tri-calecium phosphate, and a good grade of the rock should contain 
121% percent, or more, of the element phosphorus. The rock should be ground 
to a powder, finetenough to pass thru a 100-mesh sieve, or even finer. 

The relative cheapness of raw rock phosphate, as compared with the treated 
or acidulated material, makes it possible to apply for equal money expenditure 
considerably more phosphorus per acre in this form than in the form of acid 
phosphate, the ratio being, under the market conditions of the past several years, 
about 4 to 1. That is to say, under these market conditions, a dollar will pur- 
chase about four times as much of the element phosphorus in the form of rock 
phosphate as in the form of acid phosphate, which is an important consideration 
if one is interested in building up a phosphorus reserve in the soil. As explained 
above, more very carefully conducted comparisons on various soil types under 
various cropping systems are needed before definite statements ean be given as 
to which form of phosphate is most economical to use under any given set of 
conditions. | 

Basic slag, known also as Thomas phosphate, is another carrier of phos- 
phorus that might be mentioned because of its considerable usage in Hurope 
and eastern United States. Basie slag phosphate is a by-product in the manu- 
facture of steel. It contains a considerable proportion of basic material and 
therefore it tends to influence the soil reaction. 

Rock phosphate may be applied at any time during a rotation, but it is 
applied to the best advantage either preceding a crop of clover, which plant 
seems to possess an unusual power for assimilating the phosphorus from raw 
phosphate, or else at a time when it can be plowed under with some form of 
organic matter such as animal manure or green manure, the decay of which 
serves to liberate the phosphorus from its insoluble condition in the rock. It is 
important that the finely ground rock phosphate be intimately mixed with the 
organic material as it is plowed under. 

In using acid phosphate or bone meal in a cropping system which includes 
wheat, it is a common practice to apply the material in the preparation of the 
wheat ground. It may be advantageous, however, to divide the total amount 
to be. used and apply a portion to the other crops of the rotation, particularly 
to corn and to clover. 


The Potassium Problem 


Our most common soils, which are silt loams and clay loams, are ‘well stocked 
with potassium, altho it exists largely in a slowly soluble form. Such soils as 
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sands and peats, however, are likely to be low in this element. On such soils 
this deficiency may be remedied by the application of some potassium salt, such 
as potassium sulfate, potassium chlorid, kainit, or other potassium compound, 
and in many instances this is done at great profit. 

From all the facts at hand it seems, so far as our great areas of common 
soils are concerned, that, with a few exceptions, the potassium problem is not 
one of addition but of liberation. The Rothamsted records, which represent the 
oldest soil experiment fields in the world, show that for many years other soluble 
salts have had practically the same power as potassium salts to increase crop 
yields in the absence of sufficient decaying organic matter. Whether this action 
relates to supplying or liberating potassium for its own sake, or to the power 
of the soluble salt to increase the availability of phosphorus or other elements, 
is not known, but where much potassium is removed, as in the entire crops at 
Rothamsted, with no return of organic residues, probably the soluble salt func- 
tions in both ways. 

Further evidence on this matter is furnished by the Illinois experiment field 
at Fairfield, where potassium sulfate has been compared with kainit both with 
and without the addition of organic matter in the form of stable manure. Both 
sulfate and kainit produced a substantial increase in the yield of corn, but the 
cheaper salt—kainit—was just as effective as the potassium sulfate, and returned 
some financial profit. Manure alone gave an increase similar to that produced 
by the potassium salts, but the salts added to the manure gave very little increase 
over that produced by the manure alone. This is explained in part, perhaps, by 
the fact that the potassium removed in the crops is mostly returned in manure 
properly cared for, and perhaps in larger part by the fact that decaying organic 
matter helps to liberate and hold in solution other plant-food elements, especially 
phosphorus. 

In laboratory experiments at the Illinois Experiment Station, it has been 
shown that potassium salts and most other soluble salts increase the solubility of 
the phosphorus in soil and in rock phosphate; also that the addition of glucose 
with rock phosphate in pot-culture experiments increases the availability of the 
phosphorus, as measured by plant growth, altho the glucose consists only of ecar- 
bon, hydrogen, and oxygen, and thus contains no limiting element of plant food. 

In considering the conservation of potassium on the farm it should be re- 
membered that in average livestock farming the animals destroy two-thirds of 
the organic matter and retain one-fourth of the nitrogen and phosphorus from 
the food they consume, but that they retain less than one-tenth of the potassium ; 
so that the actual loss of potassium in the products sold from the farm, either 
in grain farming or in livestock farming, is negligible on land containing 25,000 
pounds or more of potassium in the surface 624 inches. 


The Calcium and Magnesium Problem 


When measured by crop removals of the plant-food elements, calcium is 
often more limited in Illinois soils than is potassium, while magnesium may be 
oceasionally. In the case of calcium, however, the deficiency is likely to develop 
more rapidly and become much more marked because this element is leached 
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out of the soil in drainage water to a far greater extent than is either magnesium 
or potassium. ‘ 

The annual loss of limestone from the soil depends, of course, upon a num- 
ber of factors aside from those which have to do with climatic conditions. 
Among these factors may be mentioned the character of the soil, the kind of 
limestone, its condition of fineness, the amount present, and the sort of farming 
practiced. Because of this variation in the loss of lime materials from the soil, 
it is impossible to prescribe a fixed practice in their renewal that will apply uni- 
versally. The tests for acidity and carbonates described above, together with the 
behavior of such lime-loving legumes as alfalfa and sweet clover, will. serve as 
general indicators for the frequency of applying limestone and the amount to 
use on a given field. 

Limestone has a direct value on some soils for the plant Feo which it 
supplies, in addition to its value in correcting soil acidity and in improving the 
physical condition of the soil. Ordinary limestone (abundant in the southern 
and western parts of Illinois) contains nearly 800 pounds of calcium per ton; 
while a good grade of dolomitie limestone (the more common limestone of north- 

_ ern Illinois) contains about 400 pounds of calcium and 300 pounds of magnesium 
per ton. Both of these elements are furnished in readily available form in 
ground dolomitie limestone. 


The Sulfur Question 


In considering the relation of sulfur in a permanent system of soil fertility 
it is important to understand something of the cycle of transformations that this 
element undergoes in nature. Briefly stated this is as follows: 

Sulfur exists in the soil in both organic and inorganic forms, the former 
being gradually converted to the latter form thru bacterial action. In this 
inorganic form sulfur is taken up by plants which in their physiological pro- 
cesses change it once more into an organic form as a constituent of protein. 
When these plant proteins are consumed by animals, the sulfur becomes a part 
of the animal protein. When these plant and animal proteins are decomposed, 
either thru bacterial action, or thru combustion, as in the burning of coal, the 
sulfur passes into the atmosphere or into the soil solution in the form of sulfur 
dioxid gas. This gas unites with oxygen and water to form sulfurie acid, which 
is readily washed back into the soil by the rain, thus completing the eycle, from 
soil—to plants and animals—to air—to soil. 

In this way sulfur becomes largely a self-renewing element of the soil, altho 
there is a considerable loss from the soil by leaching. Observations taken at the 
Illinois Agricultural Experiment Station show that 40 pounds of sulfur per 
acre are brought into the soil thru the annual rainfall. With a fair stock of 
sulfur, such as exists in our common types of soil, and with an annual return, 
which of itself would more than suffice for the needs of maximum crops, the 
maintenance of an adequate sulfur supply presents little reason at present for 
serious concern. There are regions, however, where the natural stock of sulfur 
in the soil is not nearly so high and where the amount returned thru rainfall is 
small. Under such circumstances sulfur soon becomes a limiting element of 
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erop production, and it will be necessary sooner or later to introduce this sub- 
stance from some outside source. Investigation is now under way to determine 
to what extent this situation may apply under Illinois conditions. 


Physical Improvement of Soils 


In the management of most soil types, one very important matter, aside from 
proper fertilization, tillage, and drainage, is to keep the soil in good physical 
condition, or good tilth. The constituent most important for this purpose is 
organic matter. Organic matter in producing good tilth helps to control wash- 
ing of soil on rolling land, raises the temperature of drained soil, increases the 
moisture-holding capacity of the soil, slightly retards capillary rise and conse- 
quently loss of moisture by surface evaporation, and helps to overcome the 
tendency of some soils to run together badly. 

The physical effect of organic matter is to produce a granulation or mellow- 
ness, by cementing the fine soil particles into crumbs or grains about as large as 
grains of sand, which produces a condition very favorable for tillage, percolation 
of rainfall, and the development of plant roots. 

Organic matter is undergoing destruction during a large part of the year 
and the nitrates produced in its decomposition are used for plant growth. Altho 
this decomposition is necessary, it nevertheless reduces the amount of organic 
matter, and provision must therefore be made for maintaining the supply. The 
practical way to do this is to turn under the farm manure, straw, ‘cornstalks, 
weeds, and all or part of the legumes produced on the farm. The amount of 
legumes needed depends upon the character of the soil. There are farms, espe- 
cially grain farms, in nearly every community where all legumes could be turned 
under for several years to good advantage. 

Manure should be spread upon the land as soon as possible after it is pro- 
duced, for if it is allowed to lie in the barnyard several months as is so often 
the ease, from one-third to two-thirds of the organic matter will be lost. 

Straw and cornstalks should be turned under, and not burned. There is 
considerable evidence indicating that on some soils undecomposed straw applied 
in excessive amount may be detrimental. Probably the best practice is to apply 
the straw as a constituent of well-rotted stable manure. Perhaps no form of 
organic matter acts more beneficially in producing good tilth than cornstalks. It 
is true, they decay rather slowly, but it is also true that their durability in the 
soil is exactly what is needed in the production of good tilth. Furthermore, 
the nitrogen in a ton of cornstalks is one and one-half times that of a ton of 
manure, and a ton of dry cornstalks incorporated in the soil will ultimately 
furnish as much humus as four tons of average farm manure. When burned, 
however, both the humus-making material and the nitrogen are lost to the soil. 

It is a common practice in the corn belt to pasture the cornstalks during 
the winter and often rather late in the spring after the frost is out of the ground. 
This trampling by stock sometimes puts the soil in bad condition for working. 
It becomes partially puddled and will be cloddy as a result. If tramped too 
late in the spring, the natural agencies of freezing and thawing and wetting 
and drying, with the aid of ordinary tillage, fail to produce good tilth before 
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the crop is planted. Whether the crop be corn or oats, it necessarily suffers and 
if the season is dry, much damage may be done. If the field is put in corn, a 
poor stand is likely to result, and if put in oats, the soil is so compact as to be 
unfavorable for their growth. Sometimes the soil is worked when too wet. This 
also produces a partial puddling which is unfavorable to physical, chemical, and 
biological processes. The effect becomes worse if cropping has reduced the 
organic matter below the amount necessary to maintain good tilth. 


Systems of Crop Rotations 


In a program of permanent soil improvement one should adopt at the outset 
a good rotation of crops, including, for the reasons discussed above, a liberal 
use of legumes. ‘No one can say in advance for every particular case what will 
prove to be the best rotation of crops, because of variation in farms and farmers 
and in prices for produce. As a general principle the shorter rotations, with 
the frequent introduction of leguminous crops, are the better adapted for build- 
ing up poor soils. 

Following are a few suggested rotations which may serve as models or out- 
lines to be modified according to special circumstances. 


Six-Year Rotations 


First year —Corn 

Second year —Corn 

Third year —Wheat or oats (with clover, or clover and grass) 

Fourth year —Clover, or clover and grass 

Fifth year -—Wheat (with clover), or grass and clover 

Siath year —Clover, or clover and grass 

Of course there should be as many fields as there are years in the rotation. 
In grain farming, with small grain grown the third and fifth years, most of the 
unsalable products should be returned to the soil, and the clover may be clipped 
and left on the land or returned after threshing out the seed (only the clover 
seed being sold the fourth and sixth years) ; or, in livestock farming, the field 
may be used three years for timothy and clover pasture and meadow if desired. 
The system may be reduced to a five-year rotation by cutting out either the sec- 
ond or the sixth year, and to a four-year system by omitting the fifth and sixth 
years, as indicated below. 


Five-Year Rotations 


First year —Corn 

Second year —Wheat or oats (with clover, or clover and grass) : 
Third year —Clover, or clover and grass 

Fourth year —Wheat (with clover), or clover and grass 

Fifth year —Clover, or clover and grass 

First year —Corn 

Second year —Corn 

Third year -—Wheat or oats (with clover, or clover and grass) 


Fourth year —Clover, or clover and grass 
Fifth year —Wheat (with clover) 


First year —Corn 

Second year —Cowpeas or soybeans 

Third year —Wheat (with clover) | 
Fourth year —Clover 

Fifth year -—Wheat (with clover) 
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The last rotation mentioned above allows legumes to be grown four times. 
Alfalfa may be grown on a sixth field for five or six years in the combination 
rotation, alternating between two fields every five years, or rotating over all the 
fields if moved every six years. 


Four-Year Rotations 


First year —Corn First year —Corn 

Second year —Wheat or oats (with clover) Second year —Corn 

Third year —Clover Third year —Wheat or oats (with clover) 
Fourth year —Wheat (with clover) Fourth year —Clover 

First year —Corn First year —Wheat (with clover) 
Second year —Cowpeas or soybeans Second year —Clover 

Third year —Wheat (with clover) Third year —Corn 

Fourth year —Clover Fourth year —Oats (with clover) 


Alfalfa may be grown on a fifth field for four or eight years, which is to be 
alternated with one of the four; or the alfalfa may be moved every five years, 
and thus rotated over all five fields every twenty-five years. 


Three-Year Rotations 


First year —Corn First year -—Wheat or oats (with clover) 
Second year —Oats or wheat (with clover) Second year —Corn 
Third year —Clover Third year —Cowpeas or soybeans 


By allowing the clover, in the last rotation mentioned, to grow in the spring 
before preparing the land for corn, we have provided a system in which legumes 
grow on every acre every year. This is likewise true of the following suggested 
two-year system: 

Two-Year Rotations 
First year —Oats or wheat (with sweet clover) 
Second year —Corn 

Altho in this two-year rotation either oats or wheat is suggested, as a matter 
of fact, by dividing the land devoted to small grain, both of these crops ean be 
grown simultaneously, thus providing a three-crop system in a two-year cycle. 

It should be understood that in all of the above suggested cropping systems 
it may be desirable in some cases to substitute rye for the wheat or oats. Or, in 
some cases, it may become desirable to divide the acreage of small grain and 
grow in the same year more than one kind. In all of these proposed rotations 
the word clover is used in a general sense to designate either red clover, alsike 
clover, or sweet clover. The value of sweet clover, especially as a green manure 
for building up depleted soils, as well as a pasture and hay-crop, is becoming 
thoroly established, and its importance in a crop-rotation: program may well 
be emphasized. 


SUPPLEMENT: EXPERIMENT FIELD DATA 


(Results from Experiment Fields on Soil Types Similar to those Occurring in 
Lee County) 


The University of Illinois has operated altogether about fifty soil experi- 
ment fields in different sections of the state and on various types of soil. Altho 
some of these fields have been discontinued, the large majority are still in 
operation. It is the present purpose to report the results from certain of these 
fields loeated’on types of soil described in the accompanying soil report. 

A few general explanations at this point, which apply to all the fields, will 
relieve the necessity of numerous repetitions in the following pages. 


Size and Arrangement of Fields 


The soil experiment fields vary in size from less than two aeres up to 40 
acres or more. They are laid off into series of plots, the plots commonly being 
either one-fifth or one-tenth acre in area. Each series is occupied by one kind 
of crop. Usually there are several series so that a crop rotation can be carried 
on with every crop represented every year. 


Farming Systems 


On many of the fields the treatment provides for two distinet systems of 
farming, livestock farming and grain farming. 

In the livestock system stable manure is used to furnished organic matter 
and nitrogen. The amount applied to a plot is based upon the amount that can 
be produced from crops raised on that plot. 

In the grain system no animal manure is used. The organic matter and 
nitrogen are applied in the form of plant manures, including the plant residues 
produced, such as cornstalks, straw from wheat, oats, clover, ete., along with 
leguminous catch crops plowed under. It was the plan in this latter system to 
remove from the land, in the main, only the grain and seed produced, except in 
the case of alfalfa, that crop being harvested for hay the same as in the livestock 
system. Some modifications have been introduced in recent years. 


Crop Rotations 


Crops which are of interest in the respective localities are grown in definite 
rotations. The most common rotation used is wheat, corn, oats, and clover; 
and often these crops are accompanied by alfalfa growing on a fifth series. In 
the grain system a legume catch crop, usually sweet clover, is included, which 
is seeded on the young wheat in the spring and plowed under in the fall or in 
_the following spring in preparation for corn. If the red clover ¢rop fails, soy- 
beans are substituted. 

Soil Treatment 
The treatment applied to the plots has, for the most part, been standard- 


ized according to a rather definite system, altho deviations from this system 
oceur now and then, particularly in the older fields. 
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Following is a brief explanation of this standard system of treatment. 


Ammal Manuwres.—Animal manues, consisting of excreta from animals, 
with stable litter, are spread upon the respective plots in amounts proportionate 
to previous crop yields, the applications being made in the preparation for corn. 


Plant Manures.—Crop residues produced on the land, such as stalks, straw, 


_ and chaff, are returned to the soil, and in addition a green-manure crop of sweet 


clover is seeded in small grain to be plowed under in preparation for corn. (On 
plots where limestone is lacking the sweet clover seldom survives.) This practice 
is designated as the residues system. 

Mineral Manures—tThe yearly acre-rates of application have been: for 
limestone, 1,000 pounds; for raw rock phosphate, 500 pounds; and for potas- 
sium, usually 200 pounds of kainit. When kainit was not available, owing to 
conditions brought on by the World war, potassium carbonate was used. The 
initial application of limestone has usually been 4 tons per acre. 


Explanation of Symbols Used 


0 = Untreated land or check plots 
M = Manure (animal) 


R = Residues (from crops, and includes legumes used as green manure) 

L = Limestone 

P = Phosphorus, in the form of rock phosphate unless otherwise designated 
(aP = acid phosphate, bP —bonemeal, rP — rock phosphate, sP = slag 
phosphate ) 

K = Potassium (usually i in the form of kainit) 


N =Nitrogen (usually in the form contained in dried bloed) 
Le = Legume used as green manure 


Cv = Cover crop 
() = Parentheses enclosing figures, signifying tons of hay, as distinguished from 


bushels of seed 
| = Heavy vertical rule, indicating the beginning of complete treatment 


|| == Double vertical rule, indicating a radical change in the cropping system 


In discussions of this sort of data, financial profits or losses based upon 
assigned market values are frequently considered. However, in view of the 
erratic fluctuations in market values—especially in the past few years—it seems 
futile to attempt to set any prices for this purpose that are at all satisfactory. 
The yields are therefore presented with the thought that with these figures at 
hand the financial returns from a given practice can readily be computed upon 
the basis of any set of market values that the reader may choose to apply. 


THE DIXON FIELD 


A University soil experiment field located in Lee county has been in opera- 
tion for the past 16 years. This field lies about two miles west of Dixon on land 
characteristic of the region. While the soil is mainly Brown Silt Loam, a de- 
tailed examination has revealed the presence of three other distinguishable types 
designated as Brown Silt Loam On Clay, Light Brown Silt Loam, and Brown 
Silt Loam, deep phase, which are scattered in spots over the field, as shown in 
the accompanying diagram (Fig. 2). There are also charted on this diagram 
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Fic. 2—DIAGRAM OF THE Drxon Som, EXPERIMENT FIELD 


This diagram shows the arrangement of plots, the soil treatments applied, the 
location of the different soil types, and by means of contour lines, the natural 


drainage of this field. 


the arrangement of plots with their respective treatments, and the topography 


of the land as represented by contour Jines. 


As these lines indicate, the land 


is rolling, with rather steep slopes in the northern portion of the field. A thoro 
system of tiling has been installed and the drainage is good. 
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The field, which includes about 21 acres, is laid out into two general systems 
of plots, each system being made up of four series. 


The 100, 200, 300, and 400 Series 


The four series of plots designated as the 100, 200, 300, and 400 series are 
each made up of 10 fifth-acre plots under the different soil treatments indicated 
in the accompanying tables and diagram. <A rotation system of wheat, corn, 
oats, and clover has been practiced. The crops were managed practically as 
described for the general plan on page 49 until 1921, when for a period of four 
years both the first and second crops of clover were removed as hay. At this 
time the practice of returning the oat straw to the land was discontinued and the 
following year the return of the wheat straw was likewise discontinued. In 1922 
the applications of limestone were indefinitely suspended, the plots having re- 
ceived a total of 714 to 9 tons an acre on the different series. In 1923 the phos- 
phate applications were evened up to 4 tons an acre, and no more will be applied 
for an indefinite period. 

Sinee the Dixon field is located in Lee county, a complete record of the 
yields of all crops grown is included in this Report. The results for the series 
under discussion are given in Table 7. These results are summarized in Table 8 
to show the average annual yields for the different kinds of crops, including the 
years since the complete soil treatment on the respective plots has been in effect. 

In looking over these results, one may observe first the extremely beneficial 
effect of farm manure. The crop increase due to manure used alone amounts 
to nearly 20 bushels an acre for corn, about 12 bushels for oats, almost 7 bushels 
for wheat, over two-thirds of a ton for clover, and one-third of a ton for soy- 
bean hay. 

Organic manure furnished by residues has likewise proved consistently bene- 
ficial, altho not in the same degree as stable manure. 


GATCH CROP: 
iCROP RESIDUES 
\ LIMESTONE - 
» “PHOSPHOROUS 


Fie. 3.—WHEAT ON THE DIXON FIELD 


Under the treatment shown at the right the eleven-year average yield of wheat has been 
32.9 bushels an acre, while the corresponding check plot has produced 21.7 bushels. 
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NO 


TREATMENT 
558 LBS. 


Fig. 4.—CLOVER ON UNTREATED LAND, DIXON FIELD 
A cutting of red-clover hay obtained from an untreated plot. Compare with Fig. 5. 


Limestone in addition to organic manures has, with a single exception, 
effected more or less improvement, probably sufficient to cover the expense of 
applieation. 

Rock phosphate, as usual, shows up to best advantage used with residues on 
the wheat crop. The effect on other crops, however, has been such that the in- 
creases in yield are not sufficient to cover the cost of the application under 
present market conditions. 


TaBLE 8.—DIXON FIELD: Sertzs 100, 200, 300, 400, Summary or Crop YIELDS 
Average Annual Yields 1912-1926—Bushels or (tons) per acre 


Serial ; Corn Oats Wheat | Barley | Clover! Soy- 
plot Soil treatment beans 
No. applied 15 crops | 14.crops | 11 crops | 1 crop | 9 crops | 4 crops 

1 Ose ee arene 36.3 49.0 20.3 43.3 (xe) (1.46) 
oe ME Fro nscBmateerp meas ie 55.6 61.7 26.9 46.4 (2.44) (1.78) 
3 1 GD ies Sense ene 59.7 65.5 31.0 55.2 (2.70) (1.92) 
4 MLR Ae. here moore 62.3 67.3 34.2 58.3 (2.82) (1.97) 
ohh Os te carck aang 42.6 54.4 er 49.5 | (1.35) | 11.8 
6 Rae fo See ee eee 50.5 58.7 24.8 53.8 (1.47) 13.5 
7 RS 2s Ap eee 56.4 62.6 28.0 54.5 | (1.77) 13.3 
8 RP. yee. nce ate 57.7 65.1 32.9 59.0 (2.04) 13.3 
9 PP ROR ae seeve teeter 64 64.6 3020 56.9 (2.18) 14.0 
10 Osa ches ene eons che 41.3 52.0 20.0 45.4 (1.89) (1.45) 
Crop Increases 
Mover) Fee 19.3 fy, 6.6 oak (G74) G32) 
RR OVERIO SL eae (ie) 4.3 3.1 4.3 (32) 1 
ML over M.......... 4.1 3.8 Ae 8.8 220) ( .14) 
RR GiovertRasee 5.9 3.9 3.2 av ( .380) |-— 0 
MLP over ML....... 2.6 lisse) 3.2 ok (SAT?) (47.05) 
REP over RES asus iS 225 4.9 4.5 (75) 0.0 
RLPK over RLP..... 3.4 — .5 8 —2.1 ( .14) 7 


1Including some seed crops evaluated in this summary as hay. 
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R LIMESTONE | 
= ROCK PHOSPHATE fam 
1319 LBS. 


Fig. 5.—CLOVER ON TREATED LAND, DIXON FIELD 
A cutting of red-clover hay produced under the residues-limestone-phosphate treatment. 


Altho potassium has produced an average increase of 3.5 bushels an acre 
in corn, on other crops the effects are such as to render its use unprofitable in 
growing these common field crops. 


Special Phosphate Experiments 


A problem of especial interest arising out of the experience of this and other 
fields concerns the merits of rock phosphate as compared with the more readily 
soluble phosphates, such as bone meal and acid phosphate. 

In order to provide for some additional investigations on this phosphate 
problem, the plots on Series 100, 200, 300, and 400 were divided in 1924 into 
north and south halves. The plots on the south halves of all series continue 
under the original soil treatment, but the plots on the north halves receive the 
treatment designated in Table 9. No more rock phosphate will be applied to 
the phosphate plots on the south halves, these plots having received a total 


‘ of 8,000 pounds an acre. The same holds true for the north half of Plot 9 of all 


series. 

On the north halves, the phosphatic fertilizers and gypsum are applied twice 
in the rotation—half of the rotation quota being applied ahead of wheat and 
half ahead of corn—at the following annual acre-rates: rock phosphate, 500 
pounds; acid phosphate, 200 pounds; bone meal, 200 pounds; gypsum, 200 
pounds. 

The minimum amount of limestone necessary to the successful growth of 
clovers will be applied to Plots 1-N and 10-N, on all series, 4,000 pounds per acre 
having been applied in 1924. 

Owing to the short time thru which these experiments have been continued, a 
summary of the results is scarcely warranted at this time, but the complete data 
are given as a matter of record in Table 9. 
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The 500, 600, 700, and 800 Series 


When the field was established Series 500,. 600, 700, and 800 were left un- 
plotted and were seeded to alfalfa. In 1912 they were plotted for a potato- 
alfalfa rotation. It was planned to grow potatoes two years in succession on 
the same land, while alfalfa was to be grown six years. The initial application 
of limestone was at the rate of 4 tons an acre. Subsequent applications were at 
the rate of 4 tons an acre when the land was seeded to alfalfa. Rock phosphate 
was applied at the annual acre-rate of 500 pounds. Manure was applied at the 
rate of 15 tons an acre for each potato crop. Beginning with 1915 potassium 
sulfate was applied to the north half of all plots at the rate of 200 pounds an 
acre for each potato crop. In 1921 the rotation on these series was changed to 
one of corn, corn, and oats with sweet clover seeding on Plots 2, 3, and 4, alfalfa 
occuping the fourth series for four years. The fertilizers on all series were 
evened up at this time, and no more will be applied for an indefinite period. 

Table 10 serves to furnish an outline of the cropping history of these series. 
The work is summarized in Table 11, which gives the average annual acre yields 
for the years since the plots have been under their complete treatments. The 
lower part of the table gives the possible comparisons of the various combina- 
tions expressed as crop increases. 


TasiE 11.—DIXON FIELD, Series 500, 600, 700, 800: Summary or Crop YIELDS 
Average Annual Yields, 1915-1926—Bushels or (tons) per acre 


oe Potatoes Alfalfa Corn Oats 

plot il li 

No. eee nt applied 6 crops 12 crops 12 crops 6 crops 
TEST PGES 5 3 SS 56.5 (2.94) A 06! 2 BY Tt 
TS IMO. <7. 2 50.5 (2.78) 54.3 56.1 
PAINE Gl NLRC, MOA S00 106.9 Ray, 68.2 65.5 
PASO | OS ES re 94.1 (3.33 ) 65.6 63.9 
SR DL 102.2 (3.93) 70.6 piligaD 
Bey OMG. 2. SO Saas 90.8 (3.75) 65.5 66.7 
ANP NOCD) ES ree 106.8 (4.03) 69.4 (Ora 
ASS 4] OMIM OLP Se rr fr 93.0 (3.70) 6620) 4 66.0 


Crop Increases 


For Manure 


iilonger D.C 43.6 (5359) 11.3 7.8 
Senger IES ae ee 50.4 (See 5a) 12.0 7.8 
For Limestone 
LIM NDA nigere IML RRA cee Oe en —3.3 (=) 542) ee tl 2.8 
For Phosphorus 
WELT toe INU eae Ze (— .05) 1.0 = 7 
IVETE GRE VIG, fc vic pit ecie en aes 4.6 (Ge e10)) —1.2 122 
For Potassium 
anya (D). o Seo's Stine Ge eee 6.0 (e516) 1.9 1.6 
INES Con Sie LY [= Pak ies eee 12.8 (eos) 2.6 1.6 
MITER OVETANING tise ciel selene + owe ie os ai 4 (2218) Baill 4.4 
IMIG BK avers VEEP 2 sche Ga eaiccdiewere 13.8 (Ga33)) 2.9 6.3 


60 Sort Report No. 37: SUPPLEMENT 


The beneficial results with stable manure are very pronounced, confirming 
those obtained on the other series discussed above. 

Disregarding the effect on potatoes, which are not now being grown, the 
response to limestone resembles, in a general way, that on the major series de- 
seribed above. Moderate increases are produced, the value of which would 
probably just about cover the cost of application. 

The effect of rock phosphate on these series has been very indifferent, and 
its application has been attended by a financial loss. 

Potassium treatment appears in four combinations if we inelude the plot 
where it is used alone. Where used in any of the combinations with manure, 
potassium produced a considerable increase in the potato yield, and where lime- 
stone enters the combination, a significant increase in yield of second-year corn 
is found. Where combined with manure and phosphate, a third of a ton in- 
erease in alfalfa was produced. 


THE VIENNA FIELD 


Inasmuch as Lee county embraces in its Yellow Silt Loam and certain other 
types considerable land that is subject to destruction thru erosion or washing, 
an account of the experiments on the Vienna field should be of interest in this 
Report. 

The Vienna field, located near Vienna in Johnson county, is representa- 
tive of the sloping, erodible land so prevalent in that section of the state. Ex- 
periments were conducted for nine years for the purpose of testing different 
methods of reclaiming the land and preventing erosion. <A brief deseription of 
this work is given in the following paragraphs. 

The whole field with the exception of about three acres had been abandoned 
because so much of the surface soil had washed away and there were so many 
gullies as to render further cultivation of this land unprofitable. The field was 
divided into five sections. The sections designated as A, B, and C were divided 
into four plots each, and D into three plots. On section A, which included the 
steepest part of the area and contained many gullies, the land was built up into 
terraces at vertical intervals of 5 feet. Near the edge of each terrace a small 
ditch was placed so that the water could be carried to a natural outlet without 
much washing. 

On section B the so-called embankment method was gees By this method 
erosion is prevented by plowing up ridges sufficiently high so that on the occa- 
sion of a heavy rainfall if the water breaks over, it will run over in a broad sheet 
rather than in narrow channels. At the steepest part of the slope hillside 
ditches were made for carrying away the run-off. 

Section C was washed badly but contained only small gullies. Here the 
attempt was made to prevent washing by incorporating organic matter in the 
soil and practicing deep contour plowing and contour planting. With two 
exceptions, about eight loads of manure per acre were turned under each year 
,for the corn crop. 


LEE COUNTY 61 


Fig. 6.—VIEW OF UNIMPROVED HILLSIDE LAND TAKEN JUST OVER THE FENCE FROM THE 
FIELD SHOWN IN FiG. 7 


The land on section D was washed to about the same extent as that of see- 
tion C. As a check on the different methods of reducing erosion, the land on 
section D was farmed in the most convenient way, without any special effort 
being made to prevent. washing. 

Section E was badly eroded and gullied and no attempt was made to crop 
it other than to fill in the gullies with brush and to seed the land to grass. 

Sections A, B, C, and D were not entirely uniform; some parts were washed 
more than others and portions of the lower-lying land had been affected by soil 
material washed down from above. When the field was secured, the higher land 
had a very low producing capacity. On many spots little or nothing would grow. 


Fig. 7.—CorN GROWING ON IMPROVED HILLSIDE OF THE VIENNA EXPERIMENT FIELD. THIS 
LAND FoRMERLY HAD BEEN BADLY ERODED. COMPARE WITH Fic. 6 
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TaBLe 12.—VIENNA FIELD: Hanputne Hitisipe LAND TO PREVENT EROSION 
Average Annual Yields, 1907-1915—Bushels or (tons) per acre 


. Corn Wheat Clover 
Section Method ? crops 7 crops | 3 crops 
AD [lerrace,/-eeeratateas sss. «+s 31.4 9.0 (0.68) 
B- |Embankments and hillside 

ditches ce peaenm wr oes othe 32.4 12.7 (0.97) 

C  |Organic matter, deep contour 
plowing, and contour planting 27.9 Lad (0.80) 
DU SICBECKI OR nes d ite teen eer 14.1 4.6 (0.21) 


Limestone, was applied to the entire field at the rate of 2 tons per acre. 
Corn, cowpeas, wheat, and clover were grown in a four-year rotation on each 
section except D which had but three plots. 

Table 12 contains a summarized statement of the results obtained. These 
results indicate something of the possibilities in improving hillside land by pro- — 
tecting it from erosion. The average yield of corn from the protected series 
(A, B, and C) was 30.6 bushels an acre, as against 14.1 bushels for series D;_ 
wheat yielded 11.1 bushels in comparison with 4.6 bushels; and clover .82 ton 
in comparison with .21 ton. 

A comparison of Figs. 6 and 7 will serve to indicate the possibility of im- 
proving this worthless eroded land. 


THE OQUAWKA FIELD 


In 1913 the University came into possession of a tract of Dune Sand, Ter- — 
race, in Henderson county, near the Mississippi river, upon which an experi- 
ment field was laid out to determine the needs of these sand soils. This field is 
divided into six series of plots. Corn, soybeans, wheat, sweet clover, and rye, 
with a eatch crop of sweet clover seeded in the rye on the residues plots, are 
erown in rotation on five series, while the sixth series is devoted to alfalfa. 
When sweet clover seeded in the wheat fails, cowpeas are substituted. 

No eateh of alfalfa or of sweet clover was obtained till the alfalfa drill was 
used in seeding. With this implement the seed is covered about one-half inch 
deep. 

Table 13 indicates the kinds of treatment applied, the amounts of the ma- 
terials used being in accord with the standard practice, as explained on page 49. 

The data make apparent the remarkably beneficial action of limestone on — 
this sand soil. Where limestone has been used in conjunction with crop resi- 
dues, the yield of corn has been greatly increased. The limestone has also been — 
instrumental in producing good crops of rye and fair crops of sweet clover and 
alfalfa. . : . 

This land appears to be quite indifferent to treatment with rock phosphate. 
The analyses show, however, that the stock of phosphorus in this type of soil 
is not large, and it may develop as time goes on and the supply diminishes along 
with the production of good-sized crops, that the application of this element will 
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Manure Manure and limestone 
Yield: Nothing Yield: 4.43 tons per acre 


Fig. 8.—ALFALFA ON THE OQUAWKA EXPERIMENT FIELD 


These pictures show the possibility of improving this unproductive sandy land on the 
Oquawka field. Both plots were seeded alike to alfalfa. Where manure alone was applied, the 
crop was a total failure, but where limestone in addition to manure was applied, nearly 4% 
tons of alfalfa hay was obtained as the season’s yield. 


become profitable. It is also quite possible that a more available form of phos- 
phate could be used to advantage on this very sandy soil. 

Altho the results show an increase of nearly 3 bushels of corn from the use 
of potassium salts, with ordinary prices this would not be a profitable treatment. 
The slight increase for the potassium treatment appearing in the other crops 
can scarcely be considered significant. 

A significant fact which the general summary does not bring out is that 
the improvement under favorable treatment has been progressive, as evidenced | 
by a very marked upward trend in production after the first few years. For 
example, it may be noted that the yield of corn under the limestone-residues 
treatment has been 36.7 bushels an acre as an average for the 11 crops since full 
treatment started, but if we take an average of the last five crops the yield rises 
to 45.7 bushels. Likewise the wheat under this same treatment gives for the 
11-year average 13.9 bushels, but the last five years has given 19.6 bushels. 

Experience thus far shows rye to be better adapted to this land than wheat, 
and, under good treatment, both alfalfa and sweet clover thrive better than soy- 
beans. With these two legume crops thriving so well under this simple treat- 
ment, we have promise of great possibilities for the profitable culture of this 
land, which hitherto has been considered as practically worthless. 
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TABLE 13.—OQUAWKA FIELD: Summary or Crop YIELps 
Average Annual Yields 1915-1925—Bushels or (tons) per acre 


Corn Soy- Wheat Sweet Rye Alfalfa 


plot Soil ae beans! Clover? | | 
No. ee 11 crops | 11 crops | 11 crops | 7 crops 9 crops Scrops | 
1 Osicks cas wits che Se ee 19.8 (1.01) (oll 0.00 11.9 (789) 
2 IME ore nda menemene sos 25.0 (E320) 10.9 0.00 13.3 (G56) 
3 ML.. 32.2 (1.60) 14.6 1.14 24.5 (2.05) 
4 MIP on cosets ine 31.9 (1.58) 15.0 1.14 23.0 (2.12) 
5 Oia tars si9 h sons bets afte 20.1 ( .78) 9.8 0.00 Teles: ( .08) 
6 REF re see cra race Merion ome 21.8 ( .82) ibe! 0.00 12.7 ( .09) 
7 lit sida et 36.7 (PAs) 13.9 1.57 24.3 (1.82) 
8 RAG PSN cao ori ae 36.1 (1.25) 14.1 1.43 24.3 (1.79) 
9 RP KE Sennen ee 39.0 Gleale 13.3 1.6 26.5 (1.87) 
LO | Ont kae nie tyn ee 19.1 C372) 8.8 0.00 (10.7) ( .02) 
M over 0 5.2 ( .19) 3.2 0.00 1.4 (PAY) 
RON CT Ore nereses arises Let ( .04) Lad 0.00 m0) ( .01) 
ML overM......... 7.2 ( .40) ev 1.14 11.2 (1.49) 
RRO Vere Mig asa at 14.9 ( .43) 2.8 1.57 116 (1.73) 
MLP over ML.......| — .3 |—( .02) 4 0.00 — 1.5 ( .07) 
RGR oOversRilices. 22 4\ (0.00) .2 = 14 0.0 |—( .08) 
RLPK over RLP.... 9 |—( .08) — .8 . 24 ~ 2.2 ( .08) 


‘Kleven regular crops together with the extra crop described in Footnote 2 averaged as 11 
crops. Several crops which were harvested as seed are evaluated in this summary as hay. 

*Some hay evaluated as seed. In 1918, the sweet clover was killed by early cutting for a hay 
crop. Soybeans were seeded in July and the ensuing crop is included in the soybean average. 


THE MANITO FIELD 


The results secured on the Manito experiment field, which was located on 
Deep Peat and which was in operation during the years 1902 to 1905 inclusive, 
are presented in Table 14. 

The field consisted of ten plots receiving the treatments indicated in the 
table. Where potassium was applied, the yield was from three to four times as 
large as where nothing was applied. Where approximately equal money values 
of kainit and potassium chlorid were applied, slightly greater yields were ob- 
tained with the potassium chlorid, which, however, supplied about one-third 
more potassium than the kainit. However, either material furnished more 
potassium than was required by the crops produced. 

The use of 700 pounds of sodium chlorid (common salt) produced no 
appreciable increase over the best untreated plots, indicating that where potas- 
sium is itself actually deficient, salts of other elements cannot take its place. 

Applications of 2 tons an acre of ground limestone produced no increase 
in the corn crops, either when applied alone or in combination with kainit, 
either the first year or the second. 

Reducing the application of kainit from 600 to 300 pounds for each two- — 
year period reduced the total yield of corn from 164.5 to 125.9 bushels. The two 
applications of 300 pounds of kainit (Plot 9) appear to be insufficient. 
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Tasie 14.—MANITO FIELD: Deep Peat 
Annual Corn Yields—Bushels per acre 


‘Plot Soil treatment Corn | Corn |} Soil treatment Corn | Corn 


No. for 1902 1902 | 1903 for 1904 1904 | 1905 
1 INGE SNR Mov cc ntted cae cess OSG Me Olas SINONCtktsea oer + cise cae elon ie 17.0 | 12.0 
2 INORGeri Ee coals < 00a 10.4 | 10.4 | Limestone, 4000 lbs........ 12.0 | 10.1 

a Limestone, 4000 lbs....... 
3 nya 600 si RT ha os 5 30.4 | 32.4 Kainit, 1200 Ibs GET Saal arb 49.6 | 47.3 
ainit, 600 Ibs. .......... ainig IoOO Ibs ga seoe 
4 rene bone, 350 lbs . ‘} 30.3 | 33.3 Steamed bone, 395 lbs..... 53.5 | 47.6 
5 | Potassium chlorid, 200 lbs. .| 31.2 | 33.9 | Potassium chlorid, 400 lbs. .| 48.5 | 52.7 
6G.) podurerchiorid, 700 Ibs:....| 11.1 | 13.1 | None... .........20..000- 24.0 | 22.1 
7 | Sodium chlorid, 700 lbs..... Desa pe ee cainic,, L200 Ibs )sr se nae <= 44.5 | 47.3 
Sy AIM OUOUDB as a... 2. DOR SMOG twainit, GOO lbSrcs.. cme ee 44.0 | 46.0 
STi Kaiten SOO lbs i. «006 ov. cae 5s 2G Aa lecon tel kKainity GOODS cs sasen aia 41.5 | 32.9 
DOP CI NODG mE weirs os Maes 1 TASOmle NOC jain ieee oes 26.0 | 13.6 


'No yield was taken in 1902 because of a misunderstanding. 
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INTRODUCTORY NOTE 


It is a matter of common observation that soils vary tremendously in their 
productive power, depending upon their physical condition, their chemical com- 
position, and their biological activities. For any comprehensive plan of soil 
improvement looking toward the permanent maintenance of our agricultural 
lands, a definite knowledge of the various existing kinds or types of soil is a 
first essential. It is the purpose of a soil survey to classify the various kinds of 
soil of a given area in such a manner as to permit definite characterization for 
description and for mapping. With the information that such a survey affords, 
every farmer or landowner of the surveyed area has at hand the basis for a 
rational system of improvement of his land. At the same time the Experiment 
Station is furnished an inventory of the soils of the state,,upon which intelli- 
gently to base plans for those fundamental investigations so necessary for solving 
the problems of practical soil improvement. 

This county soil report is one of a series reporting the results of the soil 
survey which, when completed, will cover the state of Illinois. Each county 
report is intended to be as nearly complete in itself as it is practicable to make 
it, even at the expense of some repetition. There is presented in the form of an 
Appendix a general discussion of the important principles of soil fertility, in 
order to help the farmer and landowner to understand the significance of the 
data furnished by the soil survey and to make intelligent application of the 
same in the maintenance and improvement of the land. In many eases it will 
be of advantage to study the Appendix in advance of the soil report proper. 

Data from experiment fields representing the more extensive types of soil, 
and furnishing valuable information regarding effective practices in soil manage- 
ment, are embodied in the form of a Supplement. This Supplement should be 
referred to in connection with the descriptions of the respective soil types found 
in the body of the report. 

While the authors must assume the responsibility for the presentation of 
this report, it should be understood that the material for the report represents 
the contribution of a considerable number of the present and former members 
of the Agronomy Department working in their respective lines of soil mapping, 
soil analysis, and experiment field investigation. In this connection special 
recognition is due the late Professor J. G. Mosier, under whose direction the soil 
survey of Ogle county was conducted, and Mr. R. W. Dickenson who, as leader 
of the field party, was in direct charge of the mapping. 
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OGLE COUNTY SOILS 


By R. S. SMITH, O. I. ELLIS, E. E. DrETURK, F. C. BAUER, AND L. H. SMITH? 


LOCATION AND CLIMATE OF OGLE COUNTY 


Ogle county is situated in the northwestern part of Illinois, about 24 miles 
south of the Wisconsin state line. It comprizes about 754 square miles and is 
traversed almost centrally from northeast to southwest by Rock river. Most of 
the county is tillable with the exception of the rough and broken land along Rock 
river. Approximately 214 percent of the area of the county is so rough and 
broken that it should be left permanently in timber. 


The weather data collected at Dixon, Lee county, for the fourteen-year period 
from 1911 to 1924 are used to indicate the climatic conditions of this region. The 
greatest range in temperature for any one year was 122 degrees, in 1919. The 
highest temperature recorded was 104°, in 1921; the lowest, 24° below zero, in 
1919. The average date of the last killing frost in spring for this period was 
May 5; the earliest in autumn, October 16. The average length of the growing 
season is therefore about 164 days. 


The average annual rainfall for this period was 32.28 inches. The rainfall 
by months was as follows: January, 1.17 inches; February, 1.33; March, 2.79; 
April, 2.70; May, 3.50; June, 3.82; July, 3.29; August, 3.57; September, 3,83; 
October, 3.01; November, 1.69; December, 1.55. 


AGRICULTURAL PRODUCTION 


Ogle county is regarded as distinctly agricultural, with about 95 percent 
of the land tillable. The Census of 1920 reports 2,784 farms in the county, as 
compared with 2,962 in 1910 and 3,093 in 1900. 


The agriculture of the county includes grain farming, dairying, and live- 
stock farming. It may be classed as general farming, with great emphasis placed 
on dairying and livestock, including the production of beef cattle, hogs, and, 
to less extent, sheep. It will be noted in the following tables that the total value 
of all livestock, for 1919, as reported in the Fourteenth Census, was about 8 
million dollars, and that the total value of all crops for this same year was 1314 
million dollars. It is interesting to note in this connection that very little grain 
is shipped out of the county, most of it being used for feeding either on the farm 
where it is grown or on neighboring farms. Dairying is the predominant type 
of farming on the rolling and broken land adjacent to Rock river. 

The following figures taken from the Fourteenth Census indicate the rela- 
tive importance of the various kinds of livestock for 1920, and of livestock 
products for 1919: 


*R. S. Smith, in charge of soil survey mapping; O. I. Ellis, Assistant Chief in soil survey 
mapping; E. E. DeTurk, in charge of soil analysis; EF. C. Bauer, in charge of experiment fields ; 
L. H. Smith, in charge of publications, 
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Animals and Animal Products Number Value 
BT GUSEA vewere erie etora tie oi store, Setalel ate ateteraerelooiniens 19,205 $1,723,621 
Males ey aieidare ibis ct cama ke oatties aciecths 423 47,912 
PSCOL Cap Eley stats ete, ousitioke a suave ete varohomnel ane te 39,656 2,362,449 
Daye east ema tetas ol sion. ust oxcions) jel clevensvol ore 23,898 1,772,073 
PS]ITSL2 Ot os c)15.89 ALCO. ENR ERRNO OC 8,423 124,367 
Swine eames vette k Gass os) dave aie alnleyaycterncie 70,533 1,705,248 
Powiltreyeeecrests ite wists sige cia ote lsh ode ae late opoal 325,240 338,140 
Wiggs aMUmenckeng. . st kerretsie'e sere yeicienscn ele peels nea : 742,495 
Dairy produetst cn sash cnevonet aikiianelanger citer eee 1,196,735 
SWiO OLS fuer seveiauetoaiteays. sseceusl eee cle ai ueihcckeret rete ~ 51 165cllose 28,037 


The report gives the total value of livestock as about 734 million dollars. 


The principal field crops are corn, oats, wheat, barley, hay, and clover. 
According to the Census, the total value for all crops in 1919 was $13,585,000. 
The following figures give the acreage and yield of some of the more important 
crops for the year 1919: 


Crops Acreage Production Yield per acre 
COT i Tea eee 107,799 4,298,629 bu. 39.8 bu. 
OBts: Some aasietemre alone ete 91,478 3,016,268 bu. 32.8 bu. 
Wheat’: ais: acusietis ater 26,461 433,121 bu. 16.3 bu. 
Barley? i cansitaetec vetoes 11,854 293,959 bu. 24.7 bu. 
by dE CH ah SA Corcar SIPRCLS 4,608 67,455 bu. 15.0 bu. 
APIINODEY.. valeal iegels jo tekevehaie eee 10,290 12,425 tons 1.20 tons 
Timothy and clover...... 31,428 44,299 tons 1.09 tons 
Clover": 2.5 “Seerascia seer 6,271 9,723 tons 1.55 tons 
Bilage) crops). cuarh er cite OL 76,514 tons 7.56 tons 
Corn for forage......... 12,387 31,361 tons 2.53 tons 


Figures furnished by the U. S. Department of Agriculture give the follow- 
ing acre-yields for the ten-year period 1911-1920: corn, 36.2 bushels; oats, 36.5 
bushels; tame hay, 1.41 tons; winter wheat, 17.5 bushels. 

The fruit industry is not developed in Ogle county. Very little fruit is 
grown aside from small plantings for home use. 


SOIL FORMATION 
GEOLOGICAL ASPECTS 


One of the most important periods in the geological history of the county, 
from the standpoint of soil formation, was the Glacial period, during which and 
immediately following, the material that later formed the mineral portion of the 
soils was being deposited. During the Glacial period, great ice sheets moved 
southward from the centers of accumulation in Labrador, in the Hudson Bay 
region, and in the northern Rocky mountains. At least six great ice movements 
took place, each of which covered a part of northern United States, altho the same 
parts were not covered during each advance. 


The glaciations of northwestern Illinois, including the area occupied by 
Ogle county, have been a matter of uncertainty ever since the first classification 
of the drift sheets of this region. As explained on page 30, the system of number- 
ing the soil types is based largely upon the glaciations as outlined on the glacial 
map prepared many years ago by Leverett. This map shows Ogle county as 
being covered mainly by the Iowan and Pre-Iowan glaciations but in the light of ; 
more recent evidence, the most of the county is now considered as belonging to 
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the Illinoisan. It may be said, however, that so far as the identity of the soil 
types are concerned, the matter is not important. The eastern end of the county 
was probably invaded by a lobe of the early Wisconsin glaciation and the south- 
eastern corner of the county is occupied by Wisconsin moraines. 

The drift averages about 4 feet in depth on the upland, ranges from 150 to 
400 feet deep in the preglacial valleys, and is about 100 feet deep on the Wis- 
consin moraine in the southeastern corner of the county. The loess or loess-like 
silt which constitutes the surface material varies from about 20 inches in depth 
in the eastern part of the county to 6 or 7 feet in depth in the western part. The 
shallow blanket of loess and drift explains the frequent occurrence of rock out- 
crop and stony soil along Rock river and its tributaries, where the rolling topog- 
raphy has allowed the removal of the soil material by erosion, 


CHANGES IN THE RIVER SYSTEMS 


The drainage system of Ogle county has a complicated history. The pre- 
glacial Rock river flowed south from its present junction point with Kishwaukee 
river thru the eastern end of Ogle county. It cut a valley 3 to 5 miles wide 
thru most of its course and its depth below the present surface averages about 
400 feet. The minor streams also have changed their courses and in some 
instances reversed their direction of flow. The gravel and sand ridges, known as 
eskers, also indicate major changes in the drainage channels of the county. 
Three of these eskers occur in Ogle county, known as the Adeline, Hazelhurst, 
and. Stillman eskers. 
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Fig. 1—DRAINAGE Map oF OGLE CoUNTY SHOWING STREAM COURSES, TERRACES AND 
Swamp LANDS, AND GLACIATIONS 


(Glactations based on Leverett map) 


TERRACE AND SWAMP 
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PHYSIOGRAPHY AND DRAINAGE 


The topography of Ogle county varies from flat to rolling, with rough and 
broken areas along Rock river and the others streams of the county. The flat 
topography is found in the terraces, while the undulating to rolling eae in 
the upland prairie. 


Rock river is the main drainage channel of the county and most of the minor 
streams flow into this river within the boundaries of the county. The accom- 
panying drainage map shows the drainage of the county in detail. 


The altitude of Ogle county varies from about 700 to 931 feet. The follow- 
ing figures give the altitudes for a few points in the county: Creston, 903 feet; 
Rochelle, 795; Oregon, 702; Forreston, 931; Byron, 726. The altitude of 
Bloomington moraine in the southeastern part of the county varies from about 
850 to 910 feet. 


SOIL DEVELOPMENT 


During the time which has elapsed since the last ice invasion, weathering 
and other processes have been active, resulting in the formation of the soils of the 
county as we know them today. When first deposited the general composition 
of any soil material, particularly loess, is rather uniform but with the passing 
of time various physical, chemical, and biological agencies of weathering form 
soil out of the parent material by some or all of the following processes: the leach- 
ing of certain elements, the accumulation of others; the chemical reduction of 
certain compounds, the oxidation of others; the translocation of the finer soil 
particles, and the arrangement of them into zones, or ‘‘horizons’’; the accumu- 
lation of organic matter from the growth and decay of vegetable material. One 
of the very pronounced characteristics observed in most soils is that they are 
composed of more or less distinct strata, called horizons. As explained somewhat 
more fully in the Appendix, these horizons are named, from the surface down: 
A, the layer of extraction; B, the layer of concentration or accumulation; and 
C, less-altered material, or the layer in which weathering has had less effect. The 
development of horizons in a soil is an indication of its age. pe 


Since the upland prairie of this region has been occupied, probably con- 
tinuously, by grass vegetation, relatively large amounts of organic matter have 
accumulated, resulting in the formation of productive dark-colored soils. The 
areas adjacent to streams, which have been occupied by timber, are light-colored 
because of the relative deficiency of the surface soil in organic matter. The 
bottom-land soils are made up, for the most part, of alluvial material brought 
down from the uplands and deposited by the streams. These soils are to be re- 
garded as relatively young or immature and therefore have not developed horizons 
as have the mature soils of the upland. 


SOIL GROUPS 
The soils of Ogle county are divided into five groups, as follows: 


(a) Upland Prairie Soils, or dark-colored soils, usually rich in organic 
matter, 
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(b) Upland Timber Soils, or light-colored upland soils, usually relatively 
poor in organic matter. 

(¢) Terrace Soils, including bench lands and second bottoms, formed by de- 
Posits from flooded streams overloaded with sediment. 

(d) Swamp and Bottom Lands, including flood plains along streams and 
some poorly drained muck and peat areas. 

(e) Residual Soils, including Rock Outerop and Stony Loam areas and soils 
formed in place thru weathering of rocks. 

Table 1 gives the area of each soil type in Ogle county and its percentage of 
the total area. It will be observed that 57.42 percent of the county consists of 
upland prairie, 20.50 percent of upland timber, 11.89 percent of terrace soils, 
8.56 percent of swamp and bottom-land soils, and .95 percent of residual soils. 

The accompanying map, appearing in three sections, shows the location and 
boundry lines of the various types. 

For explanation concerning the classification of soils and interpretation of 
the maps and tables, the reader is referred to the first part of the Appendix to 
this report. 


Tas_e 1.—Sorn Types or Ocie County, ILLINots 


Soil Area in Area Percent 
type Name of type square in of total 
No. miles acres area 
(a) Upland Prairie Soils (600, 700, 900) 
626 
726 EEOVMMEOTIESUORIAS 2: 4. cos oe es ees eee ee 384.24 245 914 50.91 
926 
ee) Brown Silt Loam On Limestone........... Nests tl 883 .18 
760 TSNOWMENAMO VA LORIN 25s ccle nec i cence ene 42.21 27 014 5.59 
660.5 | Brown Sandy Loam On Limestone........ 1.64 1 050 B22, 
760.5 | Brown Sandy Loam On Sandstone......... .10 64 .02 
oe Brown-Gray Silt Loam On Tight Clay..... 04 25 01 
781 TDR Siete!” 6 saeco ats aoe Peal 1 350 28 
oe Choan toy LLG oleae 1.58 1 O11 21 
433.30 277 311 57.42 
(b) Upland Timber Soils (600, 700, 900) 
el 
734 WellowaGrrsay, Silt) Loamis.ci 5 ee ea fe eles 118.46 75 814 15.70 
934 
oe Gomme... 17.39 11 130 2.30 
ete Yellow-Gray Silt Loam On Limestone..... 81 518 aula 
ooo e Yellow Silt Loam On Limestone........... .89 570 v2 
Yellow-Gray Sandy Loam................ 14.77 9 453 1.95 
me Wesliesn7 See ae bya Deh ce ile 1 101 22 
664.5 | Yellow-Gray Sandy Loam On Limestone... .09 58 .02 
764.5 | Yellow-Gray Sandy Loam On Sandstone... .63 403 .08 
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Tasie 1.—Sor Types or OctE County, Intrno1s—Concluded 


Soil Area in Area Percent 
type Name of type square in of total 
No. miles acres area 
(c) Terrace Soils (1500) 
1527 Brown Silt Loam Over Gravel............ 51.70 33 088 6.85 
1525 Blacks Silt Ibontae, eyes chee con anlar o ee Ton Ue 10 310 2.13 
1566 Brown Sandy Loam Over Gravel.......... 7.32 4 685 HOK 
1560.4 | Brown Sandy Loam On Gravel............ 1.81 1 158 24 
1561 Black Sandy loamy ee aa eee eres .25 160 04 
1536 Yellow-Gray Silt Loam Over Gravel....... 8.69 5 562 1.15 
1567 Yellow-Gray Sandy Loam Over Gravel.... 2.19 1 402 .29 
1564.4 | Yellow-Gray Sandy Loam On Gravel...... .46 294 06 
1581 Dune Sand ieee en ieee Pe 1.07 685 .14 
1528 Brown-Gray Silt Loam On Tight Clay..... 05 32 01 
1568 Brown-Gray Sandy Loam On Tight Clay .. 05 32 .O1 
89.70 57 408 11.89 
(d) Residual Soils (000) 
083 Sand. st sido eass copa tynuns Chena ee niet aces 2.92 1 869 .38 
098 Stony Loam—Limestone................. 3.62 2 317 47 
098 Stony Loam—Sandstone................. .36 230 .05 
099 Limestone Onterop screenees ol 198 .04 
099 Sandstone! Ouicropernc. ere evtse ett eee e .08 51 .O1 
7.29 4 665 95 
(e) Late Swamp and Bottom-Land Soils (1400) 
1450 BlackiMixed lhosintenis- an seco emi: 21.06 13 479 2.80 
1454 Mixed: Dossy sincam acl ae ema nee ee 43.08 27 571 ESaril 
1401 Deep Peat..... Se Ia GD OOo Oe bioe piy clans S .38 243 05 
64.52 41 293 8.56 
(f) Miscellaneous 
Water.......... a Re 4.82 3 085 64 
Gravel Pity mc see sea eee Geen ree 18 115 03 
Rock @ warry spo ee cane Cee 07 45 Ol 
5.07 3 245 .68 
EOLA ive ae teche MOR ene Rech eae oa 754.64 482 969 | 100.00 


INVOICE OF THE ELEMENTS OF PLANT FOOD 
IN OGLE COUNTY SOILS 


In order to obtain a knowledge of its chemical composition, each soil type 
is sampled in the manner described below and subjected to chemical analysis for 
its important plant-food elements. For this purpose samples are taken usually 
in sets of three to represent different strata in the top 40 inches of soil; namely, 


an upper stratum (0 to 625 inches), a middle stratum (624 to 20 inches), and © 


a lower stratum (20 to 40 inches). These sampling strata correspond approxi- 
mately in the common kinds of soil to 2 million pounds per aere of dry soil in 
the upper stratum, and to two times and three times this quantity in the middle 


and lower strata, respectively. This, of course, is a purely arbitrary division of 
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the soil section, very useful in arriving at a knowledge of the quantity and dis- 
tribution of the elements of plant food in the soil, but it should be borne in mind 
that these strata seldom coincide with the natural strata as they actually exist 
in the soil and which are referred to in describing the soil types as horizons A, B, 
and C. By this system of sampling we have represented separately three zones 
for plant feeding. The upper, or surface layer, includes at least as much soil as 
is ordinarily turned with the plow, and this is the part with which the farm 
manure, limestone, phosphate, or other fertilizing materials are incorporated. 

The chemical analysis of a soil, obtained by the methods here employed, 
gives the invoice of the total stock of the several plant-food materials actually 
present in the soil strata sampled and analyzed. It should be understood, how- 
ever, that the rate of liberation from their insoluble forms, a matter of at least 
equal importance, is governed by many factors, and is therefore not necessarily 
proportional to the total amounts present. 

For convenience in making application of the chemical analyses, the results 
as presented here have been translated from the percentage basis and are given 
in the accompanying tables in terms of pounds per acre. In doing this the 
assumption is made that for ordinary types a stratum of dry soil of the area of 
an acre and 624 inches thick weighs 2 million pounds. It is understood, of course, 
that this value is only an approximation, but it is believed that with this under- 
standing it will suffice for the purpose intended. It is, of course, a simple matter 
to convert these figures back to the percentage basis in ease one desires to consider 
the information in that form. 

With respect to the presence of limestone and acidity in different strata, no 
attempt is made to include in the tabulated results figures purporting to repre- 
sent their averages for the respective types, because of the extreme variations 
frequently found within a given soil type. In examining each soil type in the 
field, however, numerous qualitative tests are made which furnish general in- 
formation regarding the soil reaction, and in the discussions of the individual 
soil types which follow, recommendations based upon these tests are given con- 
cerning the lime requirement of the respective types. Such recommendations 
cannot be made specific in all cases because local variations exist, and because 
the lime requirement may change from time to time, especially under cropping 
and soil treatment. It is often desirable, therefore, to determine the lime require- 
ment for a given field and in this connection the reader is referred to the section 

in the Appendix dealing with the application of limestone (page 36). 


THE UPPER SAMPLING STRATUM 


In Table 2 are reported the amounts of organic carbon, nitrogen, phosphorus, 
sulfur, potassium, magnesium, and calcium in 2 million pounds of the surface 
soil of each type in Ogle county. 

In connection with this table attention is called to the variation among the 
soil types with respect to their content of the different plant-food elements. It 
will be seen from the analyses that a variation in the organic-earbon content of the 
- different soils is accompanied by a parallel variation in the nitrogen content. 
The organic-carbon content, which serves as a measure of the total organic 
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matter present, is usually 10 to 12 times that of the total nitrogen. This re- 
lationship is explained by the well-established facts that all soil organic matter 
contains nitrogen, and that most of the soil nitrogen (usually 98 percent or more) 
is present in a state of organic combination. This close relationship is also main- 
tained in the middle and lower sampling strata. 

The range in content of organic matter and nitrogen is very wide. The 
upland prairie soils are, for the most part, relatively high in these constituents. 
The upland timber soils are generally fairly low, with essentially no overlapping 
of organic matter in the two groups of soil types. The upland timber soils range 
from 19,660 pounds of organic carbon an acre in Yellow Silt Loam up to 30,410 
pounds in Yellow-Gray Silt Loam, with an average of 24,460 pounds. The upland 
prairie soils, raiving from 30,500 to 49,380 pounds, average 41,330 pounds. One 
type, Dune Sand, is omitted from the average for upland prairie soils as given 
above, for, as is usually the case with very sandy soils, it is very deficient in 
organic matter and nitrogen, the organic carbon amounting to only 15,640 pounds 
an acre in the surface stratum. 

While most soils should receive regular additions of organic materials in the 
form of green or animal manures and crop residues, in order to maintain an 
adequate supply of organic matter in actively decomposing condition, the fre- 
quent use of such materials is particularly necessary in the management of 
Dune Sand and similar types. The porous, open character of these soils permits 
the rapid oxidation of organic matter, so that it disappears from such soil much 
more rapidly than from the heavier types. Dune Sand is, in fact, but little more 
than the skeleton of a soil and cannot readily be brought up to, and maintained in, 
a state of productiveness without first incorporating active organic materials 
in it, and continuing with frequent subsequent additions. The soil is usually 
acid and hence limestone and legume green manures constitute the first and most 
important steps in converting it into a productive soil. Black Silt Loam con- 
tains the largest amount of organic carbon of any soil in the county, except 
Deep Peat, which is made up largely of organic matter. The organic carbon of 
Black Silt Loam amounts to 113,570 pounds an aere, with a corresponding 
nitrogen content of 12,990 pounds. While such soils as this will withstand more 
abuse by the practice of. continuous cropping and are not so greatly in need of 
additions of organic materials as are soils containing only 20,000 to 30,000 pounds 
of organic carbon, yet the use of manure and the systematic growing of legumes 
for pasture and for plowing down serve to renew the active organic material in 
the soil in a way which is reflected in increases of crop yields. 

Other elements are not so closely associated with each other as organic 


matter and nitrogen. There is some degree of correlation, however, between — 
sulfur, another element used by growing plants, and organie carbon. This is — 
because a considerable tho varying proportion of the sulfur in the soil exists in | 


the organic form, that is, as a constituent of the organic matter. Most of the 
Ogle county:soils are fairly well supplied with sulfur. It ranges, in the surface 
soil, from a minimum of 260 pounds an acre in Dune Sand up to 3,550 pounds in 


Deep Peat. Excluding Deep Peat, the sulfur content of Ogle county soils amounts 


to one-half to two-thirds that of phosphorus. The sulfur available for crops is 


— 
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affected not only by the soil supply, but also by that brought down from the 
atmosphere by rain. Sulfur dioxid escapes into the air in the gaseous products 
from the burning of all kinds of fuel, particularly coal. The gaseous sulfur 
dioxid is soluble in water and consequently it is dissolved out of the air by rain 
and brought to the earth. In regions of large coal consumption the amount of 
sulfur thus added to the soil is relatively large. At Urbana, during the eight- 
year period from 1917 to 1924 there was added to the soil by the rainfall 3.5 
pounds of sulfur an acre a month as an average. Similar observations have been 
made in other localities for shorter periods. At Spring Valley, in Bureau county, 
the rainfall during six summer months in 1921 brought down 34.5 pounds of 
sulfur an acre, or an average monthly precipitation of 5.75 pounds. The maxi- 
mum for a single month was 8.77 pounds, in June. At Toledo, Cumberland 
county, from April to November 1922, the average precipitation was 3 pounds 
an acre a month. The precipitation at the various points in the state in a single 
month has varied from a minimum of .74 pound to 10.22 pounds an acre. These 
figures afford some idea of the amounts of sulfur added by rain and also of the 
wide variation in these amounts under different conditions. On the whole, these 
facts would indicate that the sulfur added from the atmosphere supplements 
that contained in the soil, so that there can be no extensive need for sulfur 
fertilizers in Ogle county. In order to determine definitely the response of 
crops to applications of sulfur fertilizers, experiments with gypsum have been 
started at five experimental fields, namely, Raleigh, Toledo, Carthage, Hartsburg, 
and Dixon. 

With regard to phosphorus, the upland timber soils as a group are found 
to be relatively low. One type, Black Silt Loam, is outstanding in its phosphorus 
content. This type in Ogle county is found in the terrace area, and the surface 
soil contains 2,380 pounds of phosphorus in an aere. This soil type not only 
exhibits an unusually high phosphorus content, but is high in organic matter, 
nitrogen, calcium, magnesium, and sulfur as well. This type, however, occupies 
only 16.11 square miles, or 2.13 percent of the area of the county. : 

Potassium is deficient in Deep Peat, as is usually the case with this soil type, 
the total amount in the upper 6%% inches of soil being only 4,290 pounds an 
acre. The sandy types in Ogle county are for the most part only slightly lower 
in potassium content than is the case with soils of finer texture. The Residual 
Sand areas, however, are particularly poor, not only in potassium but in all 
the other mineral elements. The potassium content of the samples obtained 
was only 3,060 pounds an acre, or about one-tenth the amount ordinarily found 
in the mineral soils. Sandy soils carry a considerable proportion of their 
potassium content in the coarse sand grains. The relatively small total surface 
exposed in the case of the coarse particles greatly lowers the solubility and availa- 
bility of the potassium in sand soils. This is partly offset, however, by the 
greater depth of the feeding zone for crop roots in sandy soils as compared with 
the heavier types. The other types are normal in content of potassium. 

The variation in the calcium and. magnesium content in the soils of this 
county is wide. Nearly all the sand and sandy loam types are markedly low 
in both calcium and magnesium, containing, generally, less than 4,000 pounds of 
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magnesium in the surface 624 inches, and somewhat larger amounts of calcium. 
The soils of finer texture are fairly well supplied with both of these elements. 


THE MIDDLE AND LOWER SAMPLING STRATA 


In Tables 3 and 4 are recorded the amounts of the plant-food elements in 
the middle and lower sampling strata. In comparing these strata with the upper 
stratum or with each other, it is necessary to bear in mind that the data as given 
for the middle and lower sampling strata are on the basis of 4 million and 6 
million pounds of soil, and should therefore be divided by two and three respec- 
tively before comparing them with each other or with the data for the upper 
stratum, which is on a basis of 2 million pounds. 

With this in mind it will be noted in comparing the three strata with each 
other that some of the elements exhibit no consistent change in amount, either 
upward or downward, with increasing depth. This is true particularly of potas- 
sium. Others exhibit more or less marked variation in amount at the different 
levels. Furthermore, these variations as a rule, go in certain general directions, 
and by a careful study of them it is frequently possible to obtain clues as to the 
age or stage of maturity of the various soils and the nature of the processes 
going on in soil formation. 

With the exception of Deep Peat it will be observed that all the soil types 
diminish rather rapidly in organic matter and nitrogen with increasing depth, 
and that this diminution is quite noticeable even in the middle stratum. The 
sulfur content decreases with increasing depth in nearly all cases. This is to be 
expected since a portion of the sulfur exists in combination with the soil organic 
matter which is more abundant in the upper strata, and also because inorganic 
forms of sulfur are not tenaciously retained by the soil against the leaching action 
of ground water. Phosphorus, on the other hand, is not removed from the soil 
by leaching. It is converted by growing plants into organic forms and tends to 
accumulate in the surface soil in these forms in plant residues at the expense of 
the underlying strata. Evidently it is the second stratum (624 to 20 inches) 
which furnishes most of the phosphorus thus moved upward. Consequently, in 
nearly all the soil types in Ogle county the surface soil contains a larger pro- . 
portionate amount of phosphorus than the middle stratum, and in the majority of 
eases more than the lower stratum. 

Two important basic elements, calcium and magnesium, have undergone some 
shifting in the different levels as exhibited by analyses of upland types. The 
content of calcium, on the whole, is much higher than that of magnesium in the 
surface soil, indicating a more abundant supply of calcium in the soil-forming 
materials. The calcium content remains the same or diminishes in the middle 
stratum as compared with the upper. This is accompanied by an increase in the 
magnesium content in both the middle and lower strata. These two elements 
are unequally removed from the soil by leaching, the calcium being dissolved 
and carried downward to a greater extent than magnesium. As they are earried 
downward in solution, magnesium is more readily reabsorbed by the soil mass 
than calcium, thus forcing more of the latter element out into the solution to be 
carried farther down. Consequently, while magnesium tends to accumulate in 
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TaBLE 2.—PLANT-Foop ELEMENTS IN THE SOILS OF OGLE County, ILLINoIs 
Upprr SAMPLING Stratum: Axsout 0 To 624 INCHES 


Average pounds per acre in 2 million pounds of dry soil 


Soil Total | Total | Total | Tota] | Total | Total | Total 
type Soil type organic | nitro- | phos- | sylfur | potas- |magne-|ealeium 
No. earbon | gen |phorus sium | sium 
Upland Prairie Soils (600, 700, 900) 

626 
@26;.Brown Silt Loam.....,........ 49 210] 5 000} 1 120} 840) 33 060} 7 080) 9 830 
926 
726.5|Brown Silt Loam On Rock. 43 520} 5 100} 1 100} 860} 31 460} 9 O80) 11 180 
760 |Brown Sandy Loam........... 30 500} 2 580} 860) 600} 29 910) 38 690) 7 000 
760.5|Brown Sandy Loam On Rock... .| 34 030} 3 050} 1 010) 460} 32 230) 4 260) 5 310 
728 |Brown-Gray Silt Loam On T ight 

SO APRN aie Tce ce sate sve lereyd de * 49 380) 4 040 660 640} 23 400) 6 240} 10 880 
MMO UMONSATIC -\.0 55 cco ss ols cele we 15 640} 1 220 780 260) 29 760! 1 620) 3 040 
eRe Tae MO A a tee ces ibis aah slice es callas ee oa [tee a eelici aes vat eae stee oateele 


Upland Timber Soils (600, 700 


734 |Yellow-Gray Silt Loam......... 30 410) 3 120 860 490} 32 650] 6 560] 10 230 
Moomielow pllt loam... ...656. 5... 19 660) 2 440 900 380} 26 800} 6 100} 9 720 
734.5 oy Silt Loam On Lime- 
EG ee sais eis ou0 3 ede. oes 23 600] 2 480 620 920} 31 780} 6 460} 10 160 
635. slyellow. Silt Loam On Limestone] 20 680} 2 340 600 340} 35 600} 8 060} 11 040 
764 |Yellow-Gray Sandy Loam...... 29 050} 2 260} 680) 450] 29 880) 3 850) 6 950 
765 |Yellow Sandy Loam........... 22 100) 1 560 620 580} 26 880) 4 880} 8 300 
764.5] Yellow-Gray Sandy Loam On 
HELE RVONC © coc. ca saa esas 25 690) 2 050 730 330] 25 760} 3 620} 6 390 
Terrace Soils (1500) 
1527 |Brown Silt Loam Over Gravel ..| 60 740] 5 770] 1 260} 890] 32 090} 4 550] 8 690 
Racpmblack OU LOAM: 25 ees cee > 113 570}12 990} 2 380} 1 750} 27 220) 13 860) 54 630 
1566 |Brown Sandy Loam........... 24 760) 1 600 600 340} 27 300} 2 200} 3 440 
1560.4|/Brown Sandy Loam On Gravel .| 20 180} 1 720) 700} 520) 27 000) 2 940) 4 780 
1561 |Black Sandy Loam............ 90 160] 8 000} 1 520) 1 220) 35 900} 9 060} 21 580 
1536 |Yellow-Gray Silt Loam Over.... 
CHG Gee eee 25 370} 2 610} 860) 590) 30 590) 4 130) 7 610 
1567 |Yellow-Gray Sandy Loam Over 
(CHG. 6 al Chto eee 31 120} 2 620} 860} 760} 23 120) 3 520) 5 180 
1564. 4|Yellow-Gray Sandy Loam On 
CHARLO hea ene Re ORE ete 20 340] 1 620) 720) 420) 21 240} 2 560) 5 160 
1528 |Brown-Gray Silt Loam On Tight 
NORA Rte AN sv cusvere ie scece'i- fs 29 260} 2 120 720 660} 15 980} 2 460} 3 880 
Residual Soils (000) 
O83) (Residual Sand................. 28 340| 1 680 620 520] 3 060] 1 620] 1 140 
Pm ONTARIO ULI ames we UPI 22 | sg Be lfekace ce pevall icv Oe oi atohane alls <bace wheres wonahaltans eo cbeoce 


Late Swamp and Bottom-Land Soils (1400) 


Pee ee COMO anos Me weak ive tite SES eee leer eel ol IES eee ls ae 
Ose kecssed! ILD@eirrn&, 25 dig elas Oe Greieee 6] lptetey etc etl [Cee eed GREEN aha! lieing | eaeamemid (rare ae [eens 
TAOtee Weep beats: .6. 0)... ce ne ss aes 287 460/31 880] 1 740] 3 550} 4 290] 6 730} 25 280 


LIMESTONE and SOIL ACIDITY.—In connection with these tabulated data, it should 

be explained that the figures for limestone content and soil acidity are omitted not because of 

any lack of importance of these factors, but rather because of the peculiar difficulty of presenting 

in the form of numerical averages reliable information concerning the limestone requirement for 

a given soil type. A general statement, however, will be found concerning the lime requirement 
of the respective soil types in connection with the discussions which follow. 


1Analyses not given because of uncertainty regarding the sample. 

2Representative samples could not be taken because of the stony character of the soil. 

On account of the heterogeneous character of mixed loams, chemical analyses are not included 
for these types. 

‘Amounts reported are for 1 million pounds of Deep Peat. 
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TaBLE 3.—PLANT-Foop ELEMENTS IN THE SoILs oF OciE County, ILLrINoIs 
Mup.e SAMpPLinG Stratum: Apourt 624 To 20 IncuES 
Average pounds per acre in 4 million pounds of dry soil 


Soil Total | Total | Total Total | Total 

type Soil type organic | nitro-| phos- | Total | potasi- magne- Total 

No. carbon} gen |phorus sulfur | “sium | sium |¢alcium 
Upland Prairie Soils (600, 700, 900) 

626 : 

al Brown Silteloana:nyaveres ealeeie 6 51 320) 5 000} 1 820) 1 270) 66 740} 17 670) 20 800 

926 

fae siBwwn Silt Loam On Rock..... 56 920] 5 720) 2 000) 1 040} 63 200) 20 120) 25.960 

760 |Brown Sandy Loam........... 44 690) 4 390} 1 590} 970) 64 200} 8 550) 15 190 

760.5|/Brown Sandy Loam On Rock...} 50 900} 4 300) 1 960} 900} 64 660} 7 620) 10 900 


728 |Brown-Gray Silt Loam On Tight 
Cl 1 360} 920} 49 760) 15 920) 19 760 

GSiee WDUNe aNd <oois ca). temieeea ste ote 26 480) 1 640} 2 120}; 240) 65 480} 2 320) 5 560 
690 |Gravelly. Loam! 4. . 2... . cece ec dec cade cic oes oa fete ace elle onto. cotal le oe neg ene 


Upland Timber Soils (600, 700) 


734 |Yellow-Gray Silt Loam........ 26 800] 2 910] 1 670] 690) 65 680) 14 760| 20 310 
oom Vellow Silt oa s.mectt ree ae 20 840} 1 920} 1 800} 800} 59 000} 10 000} 20 200 
734.5)Yellow-Gray Silt Loam On 

Limestone ween cence ta eens 26 840} 2 280) 1 320} 1 200}. 58 520) 16 760] 18 520 
635.5}Yellow Silt Loam On Limestone | 29 600} 2 760} 1 400) 600) 68 320) 75 960)198 360 
764 |Yellow-Gray Sandy Loam...... 25 960) 2 050} 1 110) 520) 55 570) 10 660) 13 370 
765 |Yellow Sandy Loam........\.. 25 400} 3 600} 1 560) 960) 54 120) 14 200) 13 840 
764.5] Yellow-Gray Sandy Loam On 

Limestouey nunc sca-ee eee 30 480} 2 440} 1 520} 600} 48 720} 9 080} 13 400 


Terrace Soils (1500) 


1567 |Yellow-Gray Sandy Loam Over 


1527 |Brown Silt Loam Over Gravel .| 65 310] 5 750] 1 830] 1 090] 66 080] 13 750] 16 150 
f52b Black Siltsloampe wen nrrteteeiee 91 400} 9 200} 3 280) 1 820) 55 880) 17 180) 62 520 
1566 |Brown Sandy Loam........... 40 040} 3 080} 1 360} 720} 53 880) 3 800} 7 920 
1560.4|Brown Sandy Loam On Gravel .| 29 080) 2 400} 1 320} 680) 52 600] 7 520} 10 000 
1561 |Black Sandy Loam............ 92 720) 7 800 
1536 |Yellow-Gray Silt Loam Over 
(SLAVEL Vetere. ome ae 24 640} 2 320} 1 460} 980} 64 720} 13 920) 15 800 
2 
2 


1 
3 
1 
1 
2 400} 1 320) 64 960} 19 800} 37 720 
1 
1 
1 
1 


TAVOLAE 3a.sa ies Aveta mie De ee 29 440} 2 200] 1 520) 1 080} 44 800) 10 680) 10 000 
1564.4! Yellow-Gray Sandy Loam On 
Gravel.ccae Ocean Ge cere 23 200) 2 160} 1 560} 600} 53 320) 6 800) 9 560 
1528 |Brown-Gray Silt Loam On Tight 
Clay. © ition sah ay eee 24 360] 1 680]1 000! 880] 31 080] 6 360) 7 560 
Residual Soils (000) 
OS3ma ResidualiSand) seen ae eee 34 440) 2 000] 1 040} 840) 5 600] 2 360) 3 280 


098 _iStony Loam!. .... 06. cee cee cw afiie nce a acclfe oe ve cles 6 oan eye ole el] ele elena 


Late Swamp and Bottom-Land Soils (1400) 


Black Mixed Loam... 2.5.52 seca ee cd oc cles [l= ce eee eee tenn | arcane ae 
Mixed Loam? . 20.0... 0 ce ces ole cae ae a's oe clave «| ole eee | oe see rr 
Deep Peat? anc eee 572 400|54 980} 1 760} 2 200] 10 380] 8 120} 40 620 
LIMESTONE and SOIL ACIDITY.—See note in Table 2. 
tRepresentative samples could not be taken because of the stony character of the soil. 


On account of the heterogeneous character of the mixed loams, chemical analyses are not 
reported for these types. 


sAmounts reported are for 2 million pounds of Deep Peat. 


the middle and lower strata, the liberated calcium, which is thus carried farther 
down than magnesium may accumulate at still great depths, or may be washed 
away entirely. These movements of calcium and magnesium, as indicated by 
the analyses of the different strata, constitute one factor in estimating the rela- 
tive maturity of the various soil types. : 


1450 
1454 
1401 
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TaBLE 4.—Piant-Foop ELEMENTS IN THE SOILS OF OGLE County, ILLINoIs 
Lower Sampuine Stratum: Asout 20 To 40 IncHEs 
Average pounds per acre in 6 million pounds of dry soil 


Soil ; Total | Total | Total Total | Total 

type Soil type organic | nitro- | phos- Total potasi- |magne-| Total 
No. carbon] gen |phorus|Sulfur| sium | sium |¢alecium 

Upland Prairie Soils (600, 700, 900) 

626 

736 BrOWD Olt, LOAM... ccs. eee nes 35 380] 3 880} 2 930} 1 310) 97 780} 38 220) 48 630 
ee Seema mSNMMeOoM Om ROCK! 22. |. oc cele nccccl ose afowescsleadsvasfeccesse{evvrees 
760 » |Brown Sandy Loam............ 35 840} 3 940] 2 260 960) 94 960) 48 020) 84 200 


moe romnnoondy oat On Rock! ,|o. < nwic| oc ce csfe'e > sic|ovcces|eectgecfocceeec|ecsuees 
728 |Brown-Gray Silt Loam On Tight 

EVEN r RG teers olesd. oc ele) p86 <ejave 33 840) 3 000} 3 000 540) 74 460) 35 880} 41 880 

(qi! (| DUNS Ye Ae 28 740 780} 1 800 780} 95 220) 5 520) 9 540 

IRENE LORIN hres wile sc cse ese caeslesloes ofa esse e[ooeddsfasces ata | Sos eo Ss, | Sere ee 


Upland Timber Soils (600, 700) 


734 |Yellow-Gray Silt Loam.........| 29 400] 3 090] 3 270 980] 96 200] 380 260| 47 430 
weomellow piltLoam.............. 25 020) 2 220} 3 360} 1 140} 89 820] 33 780) 34 920 
734.5}Yellow-Gray Silt Loam On 

“LiSeD 5 (0) 1S a 30 540) 2 820) 2 640} 1 320) 88 740} 9 780} 55 320 
Papas peciow milt Loam On Limestone)... . .. |i cccele ces vcfee sec c|veccdcclecccess|ne sees 
764 |Yellow-Gray Sandy Loam...... 27 O80) 2 100) 2 200 880] 89 220) 20 620) 25 740 
765 |Yellow Sandy Loam........... 31 320) 3 240) 3 960} 1 020) 75 420} 58 140} 94 380 
764.5]/Yellow-Gray Sandy Loam On 

Oo DPERIRPERES. | ye fakes dd a earn PEE RAT ener SST PRES eae acer CaP Meee er = 


Terrace Soils (1500) 


1527 |Brown Silt Loam Over Gravel .| 35 540] 3 260] 2 900] 1 100} 98 560] 28 500| 28 540 
TozompeIAck ill Woam..6:...60...655 37 320) 3 840} 3 960) 1 200} 83 730} 44 040} 60 330 
1566 |Brown Sandy Loam............ 27 960} 2 160) 1 320); 780} 78 420} 4 800} 9 180 
1560.4|Brown Sandy Loam On Gravel .| 22 020} 1 860} 1 680} 1 260] 75 000} 9 000} 14 340 
1561 |Black Sandy Loam............ 23 810} 2 520) 2 640 900} 98 340) 68 880)133 560 
1536 |Yellow-Gray Silt Loam Over 
(CEMGG SE ee 27 150) 2 490} 2 940] 1 200} 99 300} 32 550} 36 090 
1567 |Yellow-Gray Sandy Loam Over 
Ray, SOE OSs eae eee 28 320] 2 110} 1 980} 1 080} 35 820} 12 420) 7 980 
1564. 4|Yellow-Gray Sandy Loam On 
CONT! a a 27 360] 1 500} 2 580) 1 620) 68 220) 16 560) 12 900 
1528 |Brown-Gray Silt Loam On Tight 


(CHER 5) Si tea 25 080) 2 220) 1 260 780| 61 500] 11 760] 14 100 
Residual Soils (000) 

Ossmaiesidualisand........ 66. ee. ee os | ha eit | BSH): | Sine | ees | we | ait ote | Rei 

WES Siungr Lacan | 58 lait BPS eae eae Dae eeiet | ried (Sei er [caer (ea art Pre iorrans 


Late Swamp and Bottom-Land Soils (1400) 


Speer Pan ice MnCl eeeen se Pir eee Permanente lintcre a8 [bt Mbly ce? are |e duels co atl autora ga ete 
Pe deeeee ICON) er Areas ee te ella ee tei | eres a rillsvexe oh evelllocsleiawts 4 | sane wad wos | wee sraaete 
POMC ate clodct sie vs eds v's 904 140/95 250] 2 280} 2 490] 15 120] 14 160} 72 090 
LIMESTONE and SOIL ACIDITY .—See note in Table 2. 


1Representative samples could not be taken because of the stony character of the soil. 

2On account of the heterogeneous character of the mixed loams chemical analyses are not 
reported for these types. 

3’Amounts reported are for 3 million pounds of Deep Peat. 


1450 
1454 
1401 


It is frequently of interest to know the total supply of a plant-food element 
accessible to the growing crops. While it is not possible to obtain this informa- 
tion exactly, especially for the deeper-rooted crops, it seems probable that prac- 
tically all of the feeding range of the roots of most of our common field crops 
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is included in the upper 40 inches of soil. By adding together for a given soil 
type the corresponding figures in Tables 2, 3, and 4, the total amounts of the 
respective plant-food elements to a depth of 40 inches may be ascertained. 

Studying the figures in this manner the tables reveal that there is not only 
a wide diversity among the different soils with respect to a given plant-food 
element, but that there is also a great variation with respect to the relative abund- 
ance of the various elements within a given soil type as measured by erop re- 
quirements. For example, in one of the most extensive soil types in the county, 
Brown Silt Loam, Upland, we find that the total quantity of nitrogen in an 
acre to a depth of 40 inches amounts to 13,880 pounds. This is about the amount 
of nitrogen contained in the same number of bushels of corn. The amount of 
phosphorus, 5,870 pounds, contained in the same soil is equivalent to that con- 
tained in 34,500 bushels of corn, while in the same quantity of this soil there 
is present 197,580 pounds of potassium, the equivalent of that contained in 
approximately 1 million bushels of corn. In marked contrast to this soil, with 
respect to nitrogen, is the Yellow-Gray Silt Loam, an important upland timber 
soil type, which contains in the 40-inch stratum approximately 9,120 pounds 
per acre of nitrogen, an amount equal to that in 9,120 bushels of corn. The 
phosphorus content is nearly as high as in Brown Silt Loam, namely, 5,800 pounds 
in an acre, which is equivalent to that contained in 34,100 bushels of corn. The 
potassium content of Yellow-Gray Silt Loam amounts to 194,530 pounds. 

With respect to calcium it is not feasible to make such comparisons in soil 
types which differ within themselves as to the presence or absence of native 
calcium carbonate (limestone). In such soils the average calcium content cannot 
be taken as representative of the type. For example, one sample of Yellow-Gray 
Silt Loam is acid thruout the entire 40-inch depth, the carbonates having been 
leached to a greater depth than 40 inches. Another sample of the same type 
contains carbonates in the lower stratum (20 to 40 inches) and consequently is 
non-acid. The acid sample contains 26,940 pounds per acre of calcium in the 
lower stratum while the other has 95,640 pounds, or more than three times as 
much. These differences are thus much greater than the variations between 
averages of different soil types. 

The above statements are not intended to imply that it is possible to predict 
how long it might be before a certain soil would become exhausted under a given 
svstem of cropping. Neither do the figures necessarily indicate the immediate 
procedure to be followed in the improvement of a soil, for other factors enter into 
consideration aside from merely the amount of plant-food elements present. 
Much depends upon the nature of the crops to be grown as to their utilization 
of plant-food materials, and much depends upon the condition of the plant-food 
substances themselves, as to their availability. Finally, in planning the detailed 
procedure for the improvement of a soil, there enter for consideration all the 
economic factors involved in any fertilizer treatment. Such chemical data do, 
however, furnish an inventory of the total stocks of the plant-food elemenis 
that can possibly be drawn upon, and in this way contribute fundamental in- 
formation for the intelligent planning, in a broad way, of systems of soil man- 
agement for conserving and improving the fertility of the land. a 
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DESCRIPTION OF SOIL TYPES 
(a) UPLAND PRAIRIE SOILS 


The upland prairie soils of Ogle county occupy 4383.30 square miles, or 
57.46 percent of the area of the county. They are fairly well distributed over 
the county with the exception of the territory adjacent to Rock river, which 
is occupied by timber soils. 

The dark color of the prairie soils is due to the accumulation of organic 
matter, which is derived very largely from the fibrous roots of the prairie grasses. 
The network of grass roots was protected from rapid and complete decay thru 
the partial exclusion of oxygen by the covering of fine, moist soil and mat of 
vegetative material consisting of old grass stems and leaves. The stems and 
leaves were burned in part by prairie fires or disappeared in part by decay. 
Thus they added but little organic matter to the soil directly, but, being con- 
stantly renewed, they helped to check the decay of the fibrous roots. 


Brown Silt Loam (626, 726, 926) 


Brown Silt Loam is the most extensive of the upland types in Ogle county. 
It covers an area of 384.24 square miles, or just about one-half of the area of 
the county. 

This type shows some variation in the different parts of the county with 
reference to the depth of horizons, color, texture, and topography. Its topogra- 
phy varies from undulating to rolling. The southeastern corner of the county, 
which is morainal, and the north and west portions are rolling. The remainder of 
the Brown Silt Loam is undulating to slightly rolling in topography. 

Drainage in this type is well developed. The depth to the glacial till varies 
in the different parts of the county. The underlying material thruout the type 
is glacial drift, with the exception of the areas where no till was deposited or 
where it has been eroded away, in which eases the soil has developed directly on 
the bed rock. The thickness of the surface loess, or loess-like material, varies from 
about 20 inches to as much as 6 feet. These differences in depth and associated 
differences in soils are not shown on the soil map. Brown Silt Loam adjacent 
to Sandy Loam is more or less of a sandy texture. Practically all of the type 
is under cultivation. 

The A, horizon, which is about 7 inches thick, is a light to medium brown 
silt loam, having an appreciable amount of sand present near the sandy areas. 
The A, horizon, extending to a depth of about 18 inches, is friable in texture 
and varies from a light brown silt loam with a slight yellow cast to a yellowish 
brown silt loam. The yellowish shade occurs on the more rolling areas. The B 
horizon is about 20 inches in thickness and is a slightly compact yellow silt loam 
with slight joint mottling. Below a depth of 24 to 38 inches the C horizon 
occurs. This is a friable yellow silt loam, somewhat mottled in the joints and 
splotched with yellow and red iron concretions. 

The type shows the same character of profile on the areas where the till lies 
' within 20 inches or so of the surface, with the exception that the surface, sub- 
surface, and subsoil horizons are not so thick as where the till is deeper. 
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Management.—For suggestions regarding the management of this soil, the 
reader is referred to the results of experiment fields at Mt. Morris and at Dixon, 
pages 47 and 54, which may be considered as fairly representative of most of the 
Brown Silt Loam as it oceurs in Ogle county. It will be noted that manure has 
given excellent returns on these fields and that the use of limestone has paid a 
fairly good profit. The use of rock phosphate has resulted in crop increases 
just about sufficient to pay for the application of one-half ton of this material 
per acre once in four years. The reader is referred to page 39 for a further 
discussion of the phosphate problem. 

Present knowledge regarding the management of this soil, while not eom- 
plete, indicates clearly the need for fresh organic matter, and, on a considerable 
portion of the type, an application of limestone. The amount of limestone needed 
varies and should be determined for each field. The clovers, or other legumes, 
should be regularly grown to supply fresh organie matter and also nitrogen. 
At the same time this is being done, trials may well be made of the various phos- 
phates including rock phosphate, basic slag, steamed bone meal, and acid phos- 
phate. It should be borne in mind in making these trials that, of the grain erops, 
wheat responds best to phosphate. 


Brown Silt Loam On Limestone (626.5, 726.5) 


Brown Silt Loam On Limestone occurs in small seattering areas thruout 
most of the county, occupying a total of 1.388 square miles. This type is usually 
located on the slopes of the more rolling areas of prairie soil where the limestone 
occurs within 30 inches of the surface. Only a very general description of the 
soil horizons can be written because the depth to the rock varies from a few 
inches to about 30 inches. 

The A, horizon, with an average depth of 6 inches, is a brown silt loam. 
The A, horizon, extending to a depth of about 18 inches, is a light brown to a 
yellowish brown silt loam. The B horizon extends to the bed rock which occurs 
at variable depths as stated above. This horizon occurs in two parts. The upper 
part is a slightly compact yellow silt loam; the lower is a compact, red, residual 
clay from 2 to 4 inches in thickness resting directly on the limestone. 

Management.—This type is suitable only for pasture because of its drouthy 
nature. It produces excellent bluegrass and, with the exception of the shallower 
portions, should grow good sweet clover. 


Brown Sandy Loam (760) 


Brown Sandy Loam occurs east of Rock river, in the regions of the glacial 
fills of the old preglacial stream valleys, and also adjacent to Rock river. The 
sandy texture of the soil is due to wind action which has blown the sand out of 
the bottoms upon the uplands. The topography of the type is undulating to 
rolling. The drainage is usually well developed, owing to the open subsoil. 

The A, horizon, extending to a depth of about 8 inches, is a brown sandy 
Joam. The A, horizon which extends to a depth of about 18 inches, is a light 
brown to yellowish brown sandy loam. The upper 8 or 9 inches of the B. horizon 
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varies from a friable, yellow sandy loam, splotched with gray, to a slightly com- 
pact, yellow clayey sand. The C horizon is a yellow, sandy, gravelly loam. It 
occurs at a depth of 25 to 35 inches. 

Management.—Brown Sandy Loam is somewhat acid, tho it varies in degree 
of acidity. It has a slight tendency to be drouthy in places where the soil is 
shallow, and in some areas considerable trouble is caused by its drifting with the 
wind. 

The general recommendations for the management of this type include the 
application of limestone at the proper rate, the growing and turning down of 
legumes, preferably sweet clover, and the use of early maturing crops on the 
drouthy areas. The proper rate of application of limestone can be determined 
by the County Farm Adviser or by securing the assistance of the Agricultural 
Experiment Station. Alfalfa will do well on this soil after sufficient limestone 
has been applied, particularly if it is preceded by sweet clover. 


Brown Sandy Loam On Limestone (660.5) 


Brown Sandy Loam On Limestone, which occupies only 1.64 square miles, 
or .22 percent of the area of the county, occurs in scattering areas along the east 
side of Rock river. Usually, these areas are rather indefinite as to outline because 
of the irregularity in the contours of the limestone beds. Most of the areas have 
been left in permanent pasture, because the rock is too near the surface for 
cropping. The topography is slightly rolling, permitting good drainage. The 
limestone lies at depths varying from a few inches to 30 inches below the surface, 
the most common depth being 8 to 20 inches. 

The A, horizon, varying from 4 to 7 inches in thickness, is a brown sandy 
loam. The A, horizon is a light brown sandy loam. The B horizon, which varies 
from 4 to 6 inches in thickness, lies directly on the limestone and is either a com- 
pact, reddish yellow, gravelly, sandy clay, or a red clay. 

Management.—This type is better adapted to permanent pasture than to 
the general farm crops. Its occurrence, however, as small scattering areas in 
the Brown Sandy Loam makes it necessary to farm many of the areas in the 
same way that the latter type is farmed. General suggestions for the manage- 
ment of Brown Sandy Loam may be found on page 16. 


Brown Sandy Loam On Sandstone (760.5) 


Brown Sandy Loam On Sandstone, which occupies a total of only 64 acres, 
occurs south of Oregon. The topography of the region in which the small areas 
of this type occur is undulating to rolling. Drainage is novel developed, owing 
to the slope and to the open nature of the soil. 

This type may be thought of as poor spots in Brown Sandy Loam. For this 
reason it usually is not practical to give it any special management. 


Brown-Gray Silt Loam On Tight Clay (628, 728) 


Only 25 acres of Brown-Gray Silt Loam On Tight Clay, Upland, oecur in 
Ogle county. 
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The A, horizon is a grayish brown silt loam. The A, horizon is a gray silt 
loam, and the B horizon is a tough, plastic, compact, drab clay. 

Management.—The small area of this type in Ogle county makes its manage- 
ment of no general interest. Suggestions may be secured from the Agricultural 
Experiment Station by anyone interested. 


Dune Sand (781) 


Dune Sand, Upland, comprizes a total of 2.11 square miles in Ogle county. 
It occurs in the areas of sandy loams where the wind has had opportunity to 
rework the sand particles and has redeposited them in dune-like formations. 
Blowouts, as well as dunes, are common in the region. The topography of the 
type is billowy. _ 

The A, horizon, which varies from 0 to 3 inches in thickness, depending on 
the amount of organic matter that has accumulated, is a brownish yellow to 
yellow, loamy sand. There is no distinct horizon development below this shallow, 
brownish surface, the material below consisting of yellow sand. 

Management.—Dune Sand is somewhat acid and the correction of this con- 
dition by the use of limestone is the first step towards the profitable utilization 
of this type. The Oquawka experiment field is located on Dune Sand and very 
striking results have been secured there with limestone and manure and with 
limestone and sweet clover. The reader is referred to page 58, where the crop 
yields on this field are given. The information given by these figures is the best 
available for Dune Sand, either Terrace or Upland, as it oceurs in Ogle county. 


Gravelly Loam (690, 790) 


Gravelly Loam occupies a total area of only a little more than 114 square 
miles. It occurs in the localities where eskers, or gravelly ridges, have been 
built by subglacial streams or in’ crevices of the ice mass. Very little loessial 
material occurs on these gravel ridges. The three main areas of Gravelly Loam 
are the Adeline, Hazelhurst, and Stillman Valley eskers. They are of very little 
agricultural value aside from pasture. The gravels are used for road building 
and railroad fills. 

(b) UPLAND TIMBER SOILS 


The upland timber soils occur as irregular zones along streams and on or 
near somewhat steep morainal ridges. Their most noticeable characteristic is the 
yellowish gray color of the surface, due in part to its low organic-matter content. 
The deficiency in organic matter has been caused by the long-continued growth 
of forest trees. Two effects were produced by the forest trees: the shade from 
the trees prevented the growth of prairie grasses, the roots of which are mainly 
responsible for the large organic-matter content in prairie soils; and the trees 
themselves added very little organic matter to the soil, for the leaves and branches 
either decayed completely or were burned by forest fires. As a result, the 
organic-matter content of the upland timber soils is always less than that of 
the adjacent prairie land. Several generations of trees were necessary to pro- 
duce the present condition of the soil. < 


ee 
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The upland timber soils occupy 154.76 square miles, or practically one-fifth 
of the area of the county. 


Yellow-Gray Silt Loam (634, 734, 934) 


The total area of Yellow-Gray Silt Loam in Ogle county is 118.46 square 
miles, or 15.70 percent of the area of the county and approximately 75 percent 
of the total area of the timber soils. It occupies the portion of the light-colored 
or timber soil area of the county which has an undulating to slightly rolling 
topography. In the northwestern part of the county certain areas have been 
classified as Yellow-Gray Silt Loam in which the light color of the soil is the 
result of erosion rather than of forest growth. These areas altho not strictly 
of the type Yellow-Gray Silt Loam, are correlated with it because of their small 
total extent, 

The A, horizon, which is about 6 inches in thickness, is a brownish yellow 
to a grayish yellow silt loam. The A, horizon, extending to a depth of about 18 
inches, is a yellow silt loam mottled with gray. The B horizon, extending to 
about 32 inches in depth, is a slightly mottled, slightly compact, yellow silt loam. 
The C horizon, below 32 inches, is a friable, strongly mottled, yellow silt loam 
splotehed with brown and red iron concretions. 

Management.—Y ellow-Gray Silt Loam is slightly acid and is low in nitrogen 
and organie matter. The application of about 2 tons of limestone an acre and 
the growing of sweet clover are recommended as effective treatments in rapidly 
increasing the productivity of this soil. The sweet clover can be used to advan- 
tage by pasturing it in the fall of the first year and plowing it down for corn 
in the spring of the second year. If wheat is grown, it is suggested that a trial 
be made of one or more of the following carriers of phosphorus: acid phos- 
phate applied at the rate of about 300 pounds an acre, steamed bone meal at 
half the above rate, basic slag applied at the rate of about 200 pounds an acre, or 
rock phosphate applied at the rate of about 1,000 pounds an acre. There are no 
experiment field results exactly applicable to this soil type as it occurs in Ogle 
county, but the very striking increases in yield obtained with steamed bone meal 
as well as with rock phosphate, on a somewhat similar soil in Lake county, leads 
to the suggestion that some form of phosphate be given thoro trial. 


Yellow Silt Loam (635, 735) 


Yellow Silt Loam occurs in irregular areas as rough and broken land imme- 
diately adjacent to streams and on slopes at some distance from the streams. 
As mapped, it is the eroded portion of the timber soils from which much or all of 
the surface soil has been removed by washing, exposing a yellow subsoil. Yellow 
Silt Loam covers 17.39 square miles, or 2.30 percent of the area of the county. 
The exact character of this type varies greatly because of differences in vegetation 
and the amount of washing, 

The A, horizon, which may extend to a depth of 3 or 4 inches, is usually a 
grayish yellow to a brownish yellow silt loam. Below this depth, a friable yellow 
silt loam may occur, which rests on a medium plastic, rather compact, yellow 
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silty clay loam. Till and limestone rock vary in depth below the surface, de- 
pending on the amount of erosion that has taken place. Usually the depth to till 
or rock varies from 25 or 30 inches to 4 or 5 feet. A stratum of yellowish red, 
sandy clay loam, 4 to 8 inches in thickness, frequently occurs directly above 
the limestone. 


Management.—The timber has been cut off from practically all of the land 
included in this type. Certain areas of the type near Rock river have grown 
up in underbrush and serub timber and are of no value as sources of timber and 
of little value as pasture. Other areas have been farmed with disastrous results 
because of erosion. The less steep slopes.may be farmed successfully but special 
precautions must be taken to reduce erosion. The wisest course to follow with 
this land is to put the steepest slopes in timber and the less steep slopes in orchard 
or permanent pasture. Results of some experiments on this type as it occurs in 
southern Illinois is given in the account of the Vienna field, found on page 55. 


Yellow-Gray Silt Loam On Limestone (634.5, 734.5) 


Yellow-Gray Silt Loam On Limestone occupies a total area of less than one 
square mile. It occurs as small areas thruout Yellow-Gray Silt Loam. 


The A, horizon, which is about 5 or 6 inches in thickness, is a grayish yellow 
silt loam. The A, horizon, extending to about 14 inches in depth, is a yellow 
silt loam mottled with gray. The B horizon, which is made up of two distinct 
strata, extends to the bed rock. The upper portion is a compact, slightly mottled, 
yellow silty clay loam. It rests on a layer of sticky, compact, reddish yellow to 
red residual clay about 3 or 4 inches in thickness. This red clay rests directly 
upon the limestone which lies 20 to 30 inches below the surface. 


Management.—Since this type is so intimately associated with Yellow-Gray 
Silt Loam, it must in most cases receive the same management as Yellow-Gray 
Silt Loam. The reader is referred to the discussion of the latter type on page 19. 


Yellow Silt Loam On Limestone (635.5, 735.5) 


Yellow Silt Loam On Limestone occupies the same topographic position as 
Yellow Silt Loam. It covers only .89 of a square mile and is usually found on 
the steepest slopes. The type is non-agricultural, owing to the nearness of the 
limestone to the surface and the steepness of its topography. The depth to 
limestone varies from a few inches to as much as 30 inches below the surface. 

The A, horizon is usually about 2 or 3 inches in thickness and varies from a 
dark brown or brownish yellow to a grayish yellow silt loam. Below this depth 
a stratum of yellow silt loam occurs which is usually about 6 inches in thickness. 
As the underlying limestone is approached, the materia! becomes a plastic, sandy 


to gravelly, yellow clay loam, with a stratum of red, residual clay immediately 
on top of the limestone. 


Management.—This type can be used in most eases only for timber or pasture. 
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Yellow-Gray Sandy Loam (664, 764) 


Yellow-Gray Sandy Loam occurs near Rock river, where a considerable 
amount of sand has been blown from the bottom land and deposited on the 
upland by the winds. It occupies 14.77 square miles, or 1.95 percent of the area 
of the county. The topography of the type varies from undulating to rolling. 
Drainage is good because of the open sandy subsoil. 


The A, horizon, which is about 5 inches in thickness, is a grayish yellow sandy 
loam. The A, horizon, extending to a depth of about 15 inches, is a yellow sandy 
loam with slight joint mottling. The B horizon, in the upper portion, is a slightly 
compact, yellow, sandy silt loam. In the lower portion it is a yellow sand at 
about 24 or 25 inches. At about 32 inches a gravelly glacial till occurs, which 
may rest on limestone bed rock within 35 or 40 inches of the surface. 


Management.—A portion of this type remains in timber and some of it is 
in permanent pasture. Both the nitrogen and organic-matter contents of the soil 
are low and an application of about 2 tons of limestone an acre must be made 
before sweet clover or alfalfa can be grown. The open nature of the subsoil 
makes this type somewhat drouthy, and for that reason it is advisable to grow 
early maturing crops. Provision should be made in the cropping system for the 
regular addition of leguminous green manure to the soil. No mineral fertilizer 
treatment is advised for this type except on a small trial basis. 


Yellow Sandy Loam (665, 765) 


Yellow Sandy Loam occurs as eroded areas in the same region as Yellow- 
Gray Sandy Loam. It is also found on some of the steep slopes of the Residual 
Sand areas. It occupies a total of only 1.72 square miles, and only areas of 
small acreage are to be found, most of which are near Rock river. 


This soil to a depth of 2 to 5 inches is a brownish yellow to yellow sandy loam. 
No distinct A,, B, or C horizons are distinguishable because of the fact that this 
soil is immature, owing to rapid erosion. For a depth of 15 to 18 inches it is 
usually a yellow sandy loam, and below this depth a yellow to reddish yellow, 
sandy clay loam occurs. The reddish color usually occurs in a stratum 6 to 8 
inches thick, which lies directly above the sandstone or limestone. 


Management.—Yellow Sandy Loam is, for the most part, kept in pasture and 
timber and this practice should be continued. 


Yellow-Gray Sandy Loam On Limestone (664.5) 


Yellow-Gray Sandy Loam On Limestone occurs in small, scattering areas 
thruout the limestone region along Rock river. It covers a total of only .09 of 
a square mile. This type is very similar to Yellow-Gray Silt Loam with the ex- 
ception that the underlying limestone occurs at a depth of 12 to 28 or 30 inches 
below the surface. It is of very little importance and should be handled in the 
same way as Yellow-Gray Sandy Loam (see management discussion above). 
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Yellow-Gray Sandy Loam On Sandstone (764.5) 


Yellow-Gray Sandy Loam On Sandstone occurs in seattering areas in the 
sandstone region. It occupies a total of only .63 of a square mile. Most of the 
type is utilized for pasture land because the sandstone is too near the surface 
for good farm land. It is of even less value than Yellow-Gray Sandy Loam On 
Limestone and no effort should be made to put it in cultivated crops. 


(c) TERRACE SOILS 


Nearly all of the terrace soils are located in the eastern part of the county 
along the course occupied by the preglacial Rock river. In addition to this large 
terrace Rock river has constructed small sand and gravel terraces along its 
present course, and some small terraces are found along the small streams. 

These terraces were formed by streams overloaded with sediment during 
flood periods. Later when the streams diminished in volume, these former flood 
plains were no longer overflowed and became terraces. At the same time new 
flood plains at lower levels were formed. 


Brown Silt Loam Over Gravel (1527) 


Nearly all the areas of Brown Silt Loam Over Gravel are found in the eastern 
part of the county, in the preglacial Rock river terrace. Some small areas occur 
along Rock river and its tributaries. The type occupies 51.7 square miles, or 
6.85 percent of the area of the county. In topography it varies from flat to undu- 
lating. Drainage has, for the most part, been well established thru the construc- 
tion of dredges and lateral tiling. In the southern part of the county near 
Rochelle the type is a heavier phase and needs better drainage than is at present 
provided. 

The A, horizon, which is about 8 inches thick, is a brown to dark brown silt 
loam. The A, horizon, extending to a depth of about 18 inches, is a yellowish 
brown silt loam. The B horizon occurs as a stratum about 12 inches in thickness. 
It varies from a slightly plastic, fairly compact, silty clay to silt loam. It is 
usually drabbish gray in color. The C horizon occurs below 30 inches. It is 
a friable, mottled, yellow silt loam splotched with orange-red concretions. The 
depth to sand and gravel varies from 42 to 50 inches below the surface. 

Management.—This type varies in acidity and each field should be tested 
before applying limestone. The reader is referred to the discussion of Brown 
Silt Loam, Upland, page 15, for suggestions regarding the management of this 
terrace type. 


Black Silt Loam (1525) 


Black Silt Loam is second in extent of the terrace types, occupying 16.11 
square miles. It is found in scattered areas thruout the preglacial Rock river 
terrace and occupies the low-lying, flat land. The transition from Brown Gilt 
Loam to Black Silt Loam is very gradual. 

The A, horizon, which is about 6 inches thick, varies from black silt loam 
to black silty clay loam, with a slight gray cast in areas which are alkaline. The 
A, horizon, which extends to a depth of about 17 inches, is a plastic, black clay 
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loam. The B horizon in the upper 14 inches is a plastic, compact, drab clay loam, 
splotched with yellow and gray streaks. The lower part of the B horizon, ex- 
tending to about 40 inches in depth, varies from a plastic, drab to gray, silty 
clay loam. Below 40 inches it changes to a friable material which rests on a 
substratum of yellow to gray sand at a depth of about 48 inches. 

Management.—The drainage of the low-lying, flat land occupied by this type 
has been fairly well taken care of by dredge ditches and tile, altho portions of 
the type need additional drainage. Alkali is common thruout the type and 
occurs in harmful amounts in some places. Its bad effects may be counteracted 
by the use of about 100 pounds of a potash salt per acre. The organic-matter con- 
tent of this soil is high, but it should not be cropped continuously without the 
addition of fresh organic matter at regular intervals in the rotation. The prac- 
tice has become common of raising a crop of sweet corn on this land followed 
the same year by a crop of peas. This practice gives a high return, but if con- 
tinued on the same land year after year, it would not provide for returning 
sufficient organic matter to the soil. 


Brown Sandy Loam Over Gravel (1566) 


Brown Sandy Loam Over Gravel is found in seattered areas thruout the 
different terrace formations of the county; most of it, however, occurs along 
Rock river, and Stillman and Kyte ereeks. The topography of the type varies 
from undulating to rolling. Drainage is good because the type is underlain with 
sand and gravel. It occupies 7.32 square miles, or .97 percent of the area of the 
county. Practically all of the type is under cultivation, altho some of it in the 
vicinity of Daysville and Honey Creek is left in pasture because of the low 
organic-matter content and the high percent of sand. 

The A, horizon, extending to about 8 inches in depth, is a medium to coarse- 
grained brown sandy loam. The A, horizon, which extends to a depth of about 
18 inches, is a yellowish brown to yellow sand. The B horizon, in the upper 
6 or 7 inches, is a slightly plastic, somewhat compact, yellow, sandy clay loam, 
slightly mottled and splotched with brown iron coneretions. Below 28 inches, 
it is a yellow sand, strongly splotched with red iron coneretions. About 38 to 45 
inches below the surface, the sand contains a considerable amount of small pebbles. 

Management.—As a general rule the drainage of the undulating phase is 
fair, but in the flat areas near Daysville, artificial drainage is necessary. Some 
difficulty is encountered in the case of open ditches which tend to fill up rapidly 
with sediment. This soil will respond well to good farming, including the applica- 
tion of limestone and the turning down of nitrogenous organic matter. It is a 

_good alfalfa soil and produces good corn following sweet clover or alfalfa. 


Brown Sandy Loam On Gravel (1560.4) 


Brown Sandy Loam On Gravel occurs along the old preglacial Stillman 
ereek in the vicinity of Stillman Valley and a few scattering areas along Rock 
river. It covers a total area of only 1.81 square miles. The topography is undu- 
lating and the drainage is well developed since there is plenty of fall to the 
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streams and the substratum is open. The nearness of the gravel to the surface 
has a detrimental effect upon growing crops during seasons of drouth. 

The A, horizon, extending to a depth of 8 inches, is a medium to coarse- 
grained brown sandy loam. The A, horizon, which extends to about 21 inches in 
depth, is a yellowish brown sand. Since the depth to the underlying gravel 
varies from 22 to 34 inches, depending on the contour of the gravel bed, the B 
horizon is variable in depth and texture. On an average it is 6 or 7 inches in 
thickness and is a slightly compact, yellow clayey sand, with some fine gravel, 
resting on gravelly sand, directly above the gravel deposits. 

Management.—The fact that the stratum of soil above the gravel is rather 
thin accounts for the drouthy nature of this type. Since the soil is low in nitrogen 
and organie matter, the growing of legumes is advised. With the tendency of 
the type to be slightly acid, an application of about 2 tons of limestone is ad- 
visable. Also, the use of early maturing crops is recommended because for such 
erops the period of greatest need of moisture is past before the driest part of the 
season approaches. 

Black Sandy Loam (1561) 


Black Sandy Loam is located in the terraces of Kishwaukee river in the 
northeast part of the county. It oeeupies only about 160 acres. It is flat in 
topography and has been fairly well drained of late years. It is slightly lower 
in elevation than the adjoining types. 

The A, horizon, which is about 6 inches thick, is a black sandy loam, with 
some silty and clayey spots too small to show on the map. The A, horizon, 
extending to a depth of about 17 inches, is a brown to black sandy loam. The 
B horizon in the upper 7 inches is a drab sandy loam, becoming a clayey sand at 
about 24 inches. Below this depth it is a slightly compact, sandy clay loam, 
drabbish yellow to yellow in color, which passes into a yellow sand at depths vary- 
ing from 36 to 45 inches below the surface. 


Management.—The improvement of the underdrainage is the first problem 
in the management of this type in order to lower the water table and remove the 
alkali which occurs in spots. These spots can be made productive by applying 
potassium salts at the rate of about 100 pounds an acre. Plowing down manure 
and straw also helps in overcoming the bad effects of the alkali. Legumes should 
have a regular place in the rotation as a source of nitrogen and readily de- 
composable organic matter, particularly for the non-alkali portions of the type. 


Yellow-Gray Silt Loam Over Gravel (1536) 


Yellow-Gray Silt Loam Over Gravel oceurs in scattered areas thruout the 
terraces, particularly along Rock river and its tributaries. The type occupies 
a total of 8.69 square miles. Its topography is undulating and the drainage is 
fairly well established, altho there are small depressions of a heavier soil, rather 
poorly drained, scattered thruout the areas. 

The A, horizon, which is about 6 inches in thickness, is a friable brownish 
yellow or grayish yellow silt loam. The A, horizon, extending to a depth of 
about 18 inches, is a friable, mottled, yellow silt loam. The B horizon in its upper 
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18 inches is a plastic, compact, slightly mottled, yellow silty clay loam which 
changes to a plastic, compact, golden yellow silt loam at about 42 inches. This 
lower stratum rests on the gravel which is caleareous and well stratified. 


Management.—The management requirements of this type are the same as 
for Yellow-Gray Silt Loam, Upland (see page 19). 


Yellow-Gray Sandy Loam Over Gravel (1567) 


Yellow-Gray Sandy Loam Over Gravel occurs in small areas thruout the 
terraces of Rock river and some of the preglacial stream formations. It occupies 
a total area of only 2.19 square miles. It is undulating in topography. Because 
of the closeness of the gravel beds to the surface, the type is well drained and yet 
at the same time it is not drouthy. 

The A, horizon, which is about 7 inches thick, varies from a yellowish brown 
to a grayish yellow sandy loam. The A, horizon, which extends to a depth of 
about 15 inches, is a slightly mottled, yellow sandy loam. The B horizon to a 
depth of about 22 inches is a fairly compact, yellow sandy clay loam. Below 22 
inches it is a yellow sand with sand and gravel beds occurring at about 36 inches. 

Management.—This type should be managed in the same way as Yellow- 
Gray Sandy Loam, Upland. 


Yellow-Gray Sandy Loam On Gravel (1564.4) 


Yellow-Gray Sandy Loam On Gravel occupies only .46 of a square mile. 
Nearly all of the areas occur along Rock river and in the pre-glacial Leaf river 
between Rock river and the village of Stillman Valley. The topography is undu- 
lating. Drainage is practically all vertical thru the gravel deposits. The gravel 
is so near the surface that the growing crops are affected during seasons of drouth. 

The A, horizon, which is approximately 4 inches in thickness is a medium 
to coarse-grained, grayish yellow sandy loam. The A, horizon, extending to 
about 17 inches in depth, is a mottled, yellow sandy loam or yellow sand. The B 
horizon in its upper 7 inches is a fairly compact, yellow clayey sand which rests 
on gravelly yellow sand. 


Management.—The management of this type is about the same as for Brown 
Sandy Loam On Gravel (1560.4). Since the type is low in organic matter and 
nitrogen, legumes should be grown wherever it is possible in the rotation. An 
application of about 2 tons of limestone an acre will aid the growth of legumes. 


Dune Sand (1581) 


Sand dunes occur in scattered areas thruout the terraces of the county 
associated with the sandy loam types. The dune formations are the result of 
- wind action which has reworked the sand and deposited it in ridges. Near 
Oregon some of the sand dunes haye had large blowouts formed in them. Some 
of the low-lying areas of sand are not true dune formations. This type in the 
terrace covers 1.07 square miles, or .14 percent of the area of the county. Drain- 
age is rapid because of seepage thru the open substrata, often causing mucky and 
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peaty spots adjacent to the dunes. However, most of these peaty spots are too 
small to be shown on the map. 

The A, horizon varies from 0 to 3 inches in ihicknees depending on the 
amount of organic matter that has accumulated. It varies in color from a light 
brown to yellow sand. Below this horizon the material is uniformly a yellow 
sand to a depth of 4 feet or more. 


Management.—Most of the Dune Sand, Terrace, is not used for farming. 
Its use for cropping presents peculiar difficulties. The reader is referred to the 
discussion of Dune Sand, Upland, page 18. 


Brown-Gray Silt Loam On Tight Clay (1528) 


Brown-Gray Silt Loam On Tight Clay, Terrace, occupies only 32 acres. It 
is flat in topography and is poorly drained, owing to the compact, plastic clay 
layer which is almost impervious to the movement of water. Suggestions regard- 
ing its management may be secured from the Agricultural Experiment Station. 


Brown-Gray Sandy Loam On Tight Clay (1568) 


Brown-Gray Sandy Loam On Tight Clay occupies only about 32 acres. It 
oceurs in Section 13, Township 22 North, Range 11 East. It is poorly drained 
owing to the compact subsoil and the seepage water which it receives. Most of 
this type is left in pasture. 

(d) RESIDUAL SOILS 

Residual soils are formed from the residue left in place from the weathering 
of the rock and by the accumulation of organic matter. Most of the residual 
soil areas are located along the present valley of Rock river and some of the pre- 
glacial valleys of small streams, where the former streams, as well as erosion, 
have swept all the glacial material from the rock and left it exposed. 


Sand (083) 

Residual Sand oceurs along Rock river from Oregon to Grand Detour. Very 
few areas of this type occur at any great distance from Rock River. Along the 
north shore of the preglacial Kyte creek and north of Brookville some outcrops 
of sandstone oceur. The topography of the type is rough to broken. It is non- 
agricultural except for some pasture. Some of the sand is being quarried for 
use in glass manufacturing. A characteristic of the sandstone bedrock is that 
it weathers and crumbles readily when exposed. The residual sand is gray or 
white, except where organic matter from the rotting leaf mold is incorporated 
in the upper part, forming a brown color to a depth of 1 or 2 inches. The type 
occupies about 3 square miles of the county. 

Management.—Pasture and permanent forestry are apparently the only ways 
in which this type can be utilized other than as a source for sand for industrial 
uses. 

Stony Loam, Limestone (098) 

Stony Loam, Limestone, occurs principally on the eroded slopes which are 

underlain with limestone near the surface. The stones vary in size from gravel 
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to 6 or 8 inches in diameter. They are mixed with some soil material which may 
be either silty or sandy. The type occupies 3.62 square miles, or .47 percent of 
the area of the county. The only agricultural value of the type is for pasture 
and timber land. 


Stony Loam, Sandstone (098) 


Stony Loam, Sandstone, occurs in the region of the St. Peter’s sandstone on 
the eroded slopes where the weathering processes have disintegrated the sand- 
stone to form broken pieces varying in diameter from 2 to 10 or 12 inches, mixed 
with sand. The type is of no agricultural value, even for pasturing purposes. 


Limestone Outcrop (099) 


Limestone Outerop, which occupies altogether 198 acres, is found along 
Rock river and some of the small streams. The rock exposures vary in height 
from 20 to 125 or 150 feet. It is non-agricultural, aside from its value as a 
souree of crushed limestone. In some localities, beyond hauling distance from 
shipping points, portable limestone crushers have been set up, thus furnishing 
neighboring farmers with ground limestone for agricultural use. There are 
numerous local quarry sites well distributed over the county. 


Sandstone Outcrop (099) 


Sandstone as an outerop occupies only 51 acres. It is non-agricultural in 
value. The only interest in these areas lies in their scenic beauty. 


(e) LATE SWAMP AND BOTTOM-LAND SOILS 


This group includes the bottom lands along streams, the swamps, and the 
poorly drained lowlands. Much of the soil, therefore, is of alluvial formation 
and is largely subject to overflow. Overflow occurs, however, only during periods 
of excessive rains, and soon subsides. 

The swamps occupy the low marshy areas in the preglacial Rock river ter- 
race and some of the preglacial valleys formed by its tributaries. They also 
occupy the depressions in the upland that are often the sources of intermittent 
streams. 

This group ineludes only three soil types which oceupy a total area of 64.52 
square miles, or 8.56 percent of the area of the county. 


Black Mixed Loam (1450) 


Black Mixed Loam occupies 21.06 square miles, or 2.80 percent of the area 
of the county. The largest areas are located in the eastern part of the county 
in what is known as the preglacial Rock river terrace. The other areas are scat- 
tered thruout the upland, usually occurring as depressions in the undulating or 
rolling upland in which many of the small, intermittent streams find their sources. 
Much seepage and drainage water reaches these areas, thus providing optimum 
conditions for the accumulation of organic matter. Usually, the streams which 
flow thru these areas have no well-defined channels and remain sluggish thru 
lack of sufficient fall. However, in the larger areas, drainage is better established 
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thru the construction of dredges and the installation of tile. As the name indi- 
cates, Black Mixed Loam is black in color, and is made up of a number of types 
which would be shown on the map if they occurred in larger areas. 

The A, horizon varies from a peaty loam or muck to a silt or sandy loam, 
brown to black in color. This horizon is rich in nitrogen and organic matter. 
The A, horizon is usually a black elay loam. The B horizon is a fairly compact, 
plastic but pervious drab clay loam, which has some streaks of yellow at a depth 
of 36 to 40 inches. 

Management.—The first important factor in management of this type is 
good drainage, which is frequently difficult to obtain because of the lack of an 
outlet. The soil is very productive, tho it is alkaline in some spots. Good drain- 
age and the application of potash salts, manure, and straw will counteract the 
ill effects of the alkali. The installation of drainage has opened up many areas 
of this type for cultivation which were, until recently, used only for pasture. 


Mixed Loam (1454) 


Mixed Loam occurs as bottom land along Rock river as well as the small 
streams thruout the county. It usually takes the form of narrow strips rarely 
more than a quarter of a mile in width. The type occupies 43.08 square miles, 
or 5.71 percent of the area of the county. As the name indicates, this type is 
made up of a number of types, the areas of which are too small to be shown on 
the map. In texture it may be a silt loam, sandy loam, loam, or sand. In color 
it varies from a grayish yellow or yellow to a brown or black. Even if it were 
possible to indicate these different variations on the map, the first flood would 
probably leave a different mixture of soil material. For this reason it is im- 
possible to write a detailed description which will apply to the type as a whole. 


Management.—Practically all of this type is subject to overflow. The sedi- 
ment deposited at each flood maintains a good supply of the elements of plant 
food. Since there is danger of this type being flooded at any time, the general 
practice is to keep it in pasture instead of growing cultivated crops on it. 


Deep Peat (1401) 


Deep Peat occupies only .38 of a square mile in Ogle county. The deposits 
occur in scattered areas, none of which are large and most of which are poorly 
drained. ; 

To a depth of about 8 inches the type is a well-decomposed peat with its 
fibrous structure destroyed. Below this depth some fibrous material oceurs, The 
proportion of fibrous material increases with increasing depth until the plastic, 
fairly compact, drab to black clay loam, which underlies the peat at a depth of 
about 40 inches, is reached. 


Management.—Very little effort has been made to farm the peat deposits in 
Ogle county because they are swampy and difficult to drain. The peat bogs in 
the pastures have many hummocks varying from 4 to 12 inches or more in height. 
Some areas have been put under cultivation, and, with an application of potas- 
sium salts, produce fair yields. 


APPENDIX 


EXPLANATIONS FOR INTERPRETING THE SOIL SURVEY 
CLASSIFICATION OF SOILS 


In order to interpret the soil map intelligently, the reader must understand 
something of the method of soil classification upon which the survey is based. 
Without going far into details the following paragraphs are intended to furnish 
a brief explanation of the general plan of classification used. 

The soil type is the unit of classification. Hach type has definite charac- 
teristics upon which its separation from other types is based. These character- 
isties are inherent in the strata, or ‘‘horizons,’’ which constitute the soil profile 
in all mature soils) Among them may be mentioned color, structure, texture, 
and chemical composition. Other items, such as native vegetation (whether 
timber or prairie), topography, and geological origin and formation, may assist 
in the differentiation of types, altho they are not fundamental to it. 

Since some of the terms used in designating the factors which are taken 
into account in establishing soil types are technical in nature, the following defi- 
nitions are introduced: 


Horizon. A layer or stratum of soil which differs discernibly from those adjacent in 
color, texture, structure, chemical composition, or a combination of these characteristics, is 
ealled an horizon. In describing a matured soil, three horizons designated as A, B, and C 
are usually considered. 

A designates the upper horizon and, as developed under the conditions of a humid, tem- 
perate climate, represents the layer of extraction or eluviation; that is to say, material in 
solution or in suspension has passed out of this zone thru the processes of weathering. 

B represents the layer of concentration or illuviation; that is, the layer developed as a 
result of the accumulation of material thru the downward movement of water from the A 
horizon. 

C designates the layer lying below the B horizon and in which the material has been less 
affected by the weathering processes. 

Frequently differences within a stratum or zone are discernible, in which case it is 
subdivided and described under such designations as A, and A,, B, and B,, ete. 

Soil Profile. ‘The soil section as a whole is spoken of as the soil profile. 

Depth and Thickness. The horizons or layers which make up the soil profile vary in 
depth and thickness. These variations are distinguishing features in the separation of soils 
into types. 

Physical Composition. The physical composition, sometimes referred to as ‘‘texture,’’ 
is a most important feature in characterizing a soil. The texture depends upon the rela- 
tive proportions of the following physical constituents: clay, silt, fine sand, sand, gravel, 
stones, and organic material. 

Structure. The term ‘‘structure’’ has reference to the aggregation of particles within 
the soil mass and carries such qualifying terms .as open, granular, compact, columnar, 
laminated. 

Organic-Matter Content. The organic matter of soil is derived largely from plant 
tissue and it exists in a more or less advanced stage of decomposition. Organic matter 
forms the predominating constituent in certain soils of swampy formation. 

Color. Color is determined to a large extent by the proportion of organic matter, but 
at the same time it is modified by the mineral constituents, especially by iron compounds. 

Reaction. The term ‘‘reaction’’ refers to the chemical state of the soil with respect 
to acid or alkaline condition. It also involves the idea of degree,.as strongly acid or 
strongly alkaline. 

Carbonate Content. The carbonate content has reference to the calcium carbonate 
(limestone) present, which in some eases may be associated with magnesium or other car- 
bonates. The depth at which carbonates are found may become a very important factor 
‘in determining the soil type. 

Topography. Topography has reference to the lay of the land, as level, rolling, ly etc: 
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Native Vegetation. The vegetation or plant growth before being disturbed by man, 
oe grasses and forest trees, is a feature frequently recognized in differentiating soil 

Geological Origin. Geological origin involves the idea of character of rock materials 
composing the soil as well as the method of formation of the soil material. 

Not infrequently areas are encountered in which type charheters are not 
distinctly developed or in which they show considerable variation. "When these 
variations are considered to have sufficient significance, type separations are 
made whenever the areas involved are sufficiently large. Because of the almost 
infinite variability occurring in soils, one of the exacting tasks of the soil sur- 
veyor is to determine the degree of variation which is allowable for any given 
type. 

Classifying Soil Types.—tIn the system of classification used, the types fall 
first into four genéral groups based upon their geological relationships; namely, 
upland, terrace, swamp and bottom land, and residual. These groups may be 
subdivided into prairie soils and timber soils, altho as a matter of fact this sub- 
division is applied in the main only to the upland group. These terms are all 
explained in the foregoing part of this Report in connection with the description 
of the particular soil types. 


Naming and Numbering Soil Types.—In the Illinois soil survey a system 
of nomenclature is used which is intended to make the type name convey some 
idea of the nature of the soil. Thus the name ‘‘Yellow-Gray Silt Loam’’ car- 
ries in itself a more or less definite description of the type. It should not be 
assumed, however, that this system of nomenclature makes it possible to devise 
type names which are adequately deseriptive, because the profile of mature soils 
is usually made up of three or more horizons and it is impossible to deseribe each 
horizon in the type name. The color and texture of the surface soil are usually 
included in the type name and when material such as sand, gravel, or rock lies 
at a depth of less than 30 inches, the fact is indicated by the word ‘‘On,’’ and when 
its depth exceeds 30 inches, by the word ‘‘Over’’; for example, Brown Silt Loam 
On Gravel, and Brown Silt Loam Over Gravel. 

As a further step in systematizing the listing of the soils of Illinois, recog- 
nition is given to the location of the types with respect to the geological areas 
in which they oceur. According to a geological survey made many years ago, 
the state has been divided into seventeen areas with respect to geological forma- 
tion and, for the purposes of the soil survey, each of these areas has been assigned 
an index number. The names of the areas together with their general location 
and their corresponding index numbers are given in the following list. 


000 Residual, soils formed in place thru disintegration of rocks, and also rock outcrop 

100 Unglaciated, including three areas, the largest being in the south end of the state 

200 Illinoisan moraines, including the moraines of the Illinoisan glaciations 

300 Lower Illinoisan glaciation, formerly considered as covering nearly the south third of the 
state 

400 Middle Iilinoisan glaciation, covering about a dozen counties in the west-central part 
of the state 5 

500 Upper Illinoisan glaciation, covering about fourteen counties northwest of the middle 
Tlinoisan glaciation . 

600 Pre-Iowan glaciation, now believed to be part of the upper Dlinoisan 

700 Iowan glaciation, lying in the central northern end of the state 
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800 Deep loess areas, including a zone a few miles wide along the Wabash, Illinois, and 
Mississippi rivers 

900 Early Wisconsin moraines, including the moraines of the early Wisconsin glaciation 

1000 Late Wisconsin moraines, including the moraines of the late Wisconsin glaciation 

1100 Karly Wisconsin glaciation, covering the greater part of the northeast quarter of the 
state 

1200 Late Wisconsin glaciation, lying in the northeast corner of the state 

1300 Old river-bottom and swamp lands, formed by material derived from the Ilinoisan or 
older glaciations 

1400 Late rwer-bottom and swamp lands, formed by material derived from the Wisconsin and 
Iowan glaciations 

1500 Terraces, bench or second bottom lands, and gravel outwash plains 

1600 Laocustrine deposits, formed by Lake Chicago, the enlarged Glacial Lake Michigan 


Further information regarding these geological areas is given in connection 
with the general map mentioned above and published in Bulletin 123 (1908). 

Another set of index numbers is assigned to the classes of soils as based 
upon physical composition. The following list contains the names of these classes 
with their corresponding index numbers. 


Index Number Limits Class Names 
DION wie ricpcsicle reine teins a ake nd MS os epee Peats 

MMR etter rones bie civ ora.s'o °F be averse bei ee. Peaty loams 
MGI MNA A ier Me toh deel Gis ctelat aie orcie*d mipvesousie,ovw « Ove Mucks 

ETA LO itr aeats eel s/c sivieivie vies calees tie] dee oie 3-6 Clays 

RRC IMILAA SI ha Yu Soils sch aie vaietet sels "0 ip 6.cs diate. aiwo del erece Clay loams 
SMCS Dire ie Raise cie(ois'> 6 Ginvcigiais «iano bene sss Silt loams 
MOSM U ME Mente ees sa ate oS ceive eRe eaec ees Loams 

2 TD TIGA Acoso eID Coe AEG Oe aE aero Sandy loams 
Re eter ra teiesaraisialetelsisi'e a estes 4:5) ahora, a aie"s Sands 

SMUD eRe avast s isis “sisi stsie alive sya oie 6 <i's NK al ca's' 6 0 Gravelly loams 
EA MRIMED) Tingrcre is oh avcteilsiei ai v.0'a)aie\eie's ene < via oie -ars Gravels 

Ea MME Sst aie) nue iw" a ciniwce od 5 a /aVetaseha oa .nis elas Stony loams 
OD cats some aa aead gteborites J nein aieiyeees Rock outcrop 


As a convenient means of designating types and their location with respect 
to the geological areas of the state, each type is given a number made up of a 
combination of the index numbers explained above. This number indicates the 
type and the geological area in which it occurs. The geological area is always 
indicated by the digits of the order of hundreds while the balance of the number 
designates the type. To illustrate: the number 1126 means Brown Silt Loam 
in the early Wisconsin glaciation, 434 means Yellow-Gray Silt Loam of the mid- 
dle Illinoisan glaciation. These numbers are especially useful in designating 
very small areas on the map and as a check in reading the colors. 

A complete list of the soil types occurring in each county, along with their 
corresponding type numbers and the area covered by each type, will be found 
in the respective county soil reports in connection with the maps. 


SOIL SURVEY METHODS 


Mapping of Soi Types.—In conducting the soil survey, the county consti- 
tutes the unit of working area. The field work is done by parties of two to four 
men each. The field season extends from early in April to Thanksgiving. Dur- 
ing the winter months the men are engaged in preparing a copy of the soil map 
to be sent to the lithographer, a copy for the use of the county farm adviser until 
the printed map is available, and a third copy for use in the office in order to 
preserve the original official map in good condition. 
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An accurate base map for field use is necessary for soil mapping. These 
maps are prepared on a scale of one inch to the mile, the official data of the 
original or subsequent land survey being used as the basis in their construction. 
Each surveyor is provided with one of these base maps, which he carries with 
him in the field; and the soil type boundaries, together with the streams, roads, 
railroads, canals, town sites, and rock and gravel quarries are placed in their 
proper location upon the map while the mapper is on the area. With the rapid 
development of road improvement during the past few years, it is almost in- 
evitable that some recently established roads will not appear on the published 
soil map. Similarly, changes in other artificial features will occasionally occur 
in the interim between the preparation of the map and its publication. The 
detail or minimum size of areas which are shown on the map varies somewhat, 
but in general a soil type if less than five acres in extent is not shown. 

A soil auger is carried by each man with which he can examine the soil to 
a depth of 40 inches. An extension for making the auger 80 inches long is taken 
by each party, so that the deeper subsoil may be studied. Each man carries a 
compass to aid in keeping directions. Distances along roads are measured by 
a speedometer or other measuring device, while distances in the field away from 
the roads are measured by pacing. 


Sampling for Analysis ——After all the soil types of a county have been 
located and mapped, samples representative of the different types are collected 
for chemical analysis. The samples for this purpose are usually taken in three 
depths; namely, 0 to 624 inches, 624 to 20 inches, and 20 to 40 inches, as explained 
in connection with the discussion of the analytical data beginning on page 7. 


PRINCIPLES OF SOIL FERTILITY 


Probably no agricultural fact is more generally known by farmers and land- 
owners than that soils differ in productive power. A fact of equal importance, 
not so generally recognized, is that they also differ in other characteristics such 
as response to fertilizer treatment and to management. 


The soil is a dynamic, ever-changing, exceedingly complex substance made 
up of organic and inorganic materials and teeming with life in the form of 
microorganisms. Because of these characteristics, the soil cannot be considered 
"as a reservoir into which a given quantity of an element or elements of plant 
food can be poured with the assurance that it will respond with a given increase 
in crop yield. In a similar manner it cannot be expected to respond with per- 
fect uniformity to a given set of management standards. To be productive a soil 
must be in such condition physically with respect to structure and moisture as 
to encourage root development; and in such condition chemically that injurious 
substances are not present in harmful amounts, that a sufficient supply of the 
elements of plant food become available or usable during the growing season, 
and that lime materials are present in sufficient abundance favorable for the 
growth of the higher plants and of the beneficial microorganisms. Good soil 
management under humid conditions involves the adoption of those tillage, erop- 
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ping, and fertilizer treatment methods which will result in profitable and per- 
manent crop production on the soil type concerned. 

The following paragraphs are intended to state in a brief way some of the 
principles of soil management and treatment which are fundamental to profitable 
and continued productivity. 


CROP REQUIREMENTS WITH RESPECT TO PLANT-FOOD MATERIALS 


Ten of the chemical elements are known to be essential for the growth of 
the higher plants. These are carbon, hydrogen, oxygen, nitrogen, phosphorus, 
sulfur, potassium, calcium, magnesium, and iron. Other elements are absorbed 
from the soil by growing plants, including manganese, silicon, sodium, aluminum, 
chlorin, and boron. It is probable that these latter elements are present in 
plants for the most part, not because they are required, but because they are 
dissolved in the soil water and the plant has no means of preventing their 
entrance. There is some evidence, however, which indicates that certain of these 
elements, notably manganese, silicon, and boron, may be either essential but 
required in only minute quantities, or very beneficial to plant growth under 
certain conditions, even tho not essential. Thus, for example, manganese has 
produced marked increases in crop yields on heavily limed soils. Sodium also 
has been found capable of partially replacing potassium in ease of a shortage 
of the latter element. 

Table 5 shows the requirements of some of our most common field crops 
with respect to seven important plant-food elements furnished by the soil. The 
figures show the weight in pounds of the various elements contained in a bushel 
or in a ton, as the case may be. From these data the amount of an element re- 
moved from an acre of land by a crop of a given yield can easily be computed. 


TaBLE 5.—PuAnt-Foop ELEMENTS IN CoMMON FARM Crops! 


eee Nitrogen Phos- Sulfur | Potas- | Magne-| Calcium] Iron 
Kind Amount phorus sium sium 
lbs. lbs. lbs. lbs. lbs lbs lbs. 
Wheat, grain...| 1 bu. 1.42 24 .10 . 26 .08 .02 01 
Wheat straw...| 1 ton 10.00 1.60 2.80 18.00 1.60 3.80 .60 
Corn, grain....} 1 bu. 1.00 BiG .08 .19 .07 AOU 01 
Corn stover....| 1 ton 16.00 2.00 2.42 17.33 S200 7.00 1.60 
Corn cobs..... 1 ton AAO islllientee cesta lis aisestsrs VSSCOYOYE HIN ae epee Mkarrga na ued BY BSE ey 
Oats, grain..... 1 bu. . 66 Ll! . 06 .16 .04 .02 .O1 
Oats straw..... 1 ton 12.40 2.00 4.14 20.80 2.80 6.00 i Ne 
Clover seed....| 1bu. | 1.75 Sole eae 75 25 M6 Ghar ae 
Clover hay....} 1 ton 40.00 5.00 3.28 30.00 IRR 29.25 1.00 
Soybean seed ..| 1 bu. 3.22 .39 120 1.26 ols SLAY Santee 


Soybean hay...}| 1ton | 43.40 4.74 by 1S Me oo eder W. 1s. 84--| 27, 865 1. ox 
Alfalfa hay....| 1lton | 52.08 4.76 5.96 | 16.64 S00 er 22 266 meee 


1These data are brought together from various sources. Some allowance must be made for the exactness of the 
figures because samples representing the same kind of crop or the same kind of material frequently exhibit consid- 
erable variation. ° 
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PLANT-FOOD SUPPLY 


Of the elements of plant food, three (carbon, oxygen, and hydrogen) are 
secured from air and water, and the others from the soil. Nitrogen, one of the 
elements obtained from the soil by all plants, may also be secured from the air 
by the class of plants known as legumes, in case the amount liberated from the 
soil is insufficient; but even these plants, which include only the clovers, peas, 
beans, and vetches among our common agricultural plants, are dependent upon 
the soil for the other six elements (phosphorus, potassium, magnesium, calcium, . 
iron, and sulfur), and they also utilize the soil nitrogen so far as it becomes 
soluble and available during their period of growth. 

The vast difference with respect to the supply of these essential plant-food 
elements in different soils is well brought out in the data of the Illinois soil 
survey. For exarifple, it has been found that the nitrogen in the surface 624 
inches, which represents the plowed stratum, varies in amount from 180 pounds 
per acre to more than 35,000 pounds. In like manner the phosphorus content 
varies from about 320 to 4,900 pounds, and the potassium ranges from 1,530 to 
about 58,000 pounds. Similar variations are found in all of the other essential 
plant-food elements of the soil. 

With these facts in mind it is easy to understand how a deficiency of one 
of these elements of plant food may become a limiting factor of crop production. 
When an element becomes so reduced in quantity as to become a limiting factor 
of production, then we must look for some outside source of supply. Table 6 


TABLE 6.—PLANT-Foop ELEMENTS IN MANuRE, RouGH FrExEps, AND FERTILIZERS! 


Pounds of plant food per ton 
of material 


Material Se eee 
Nitrogen Phosphorus Potassium 
Hresh farm Mantireseck..)oe cee.certs el sie le ae ies 10 2 8 
WOFR BUOVER So-choerere tates oerNCeite costs ate eee ne eaten 16 Z 17 
ORR StPAWE AR see hoe eee eo ein neers 12 2 21 
Wheat straw... as..ou aceite cent eine cater te 10 2 18 
Clover Taye teins si tcienie Poy eee 40 5 30 
Compesshays.). ccc rctiis ean trite ta adn rates 43 5 33 
Alfalfa haya ict. scheint rata Bree tes ee 50 4 24 
Sweet clover (water-free basis)?................- 80 8 28 
Driediblood hiss os. cate ee ee eee 280 sd. Gece 
Sodtuminitrates...7. noe. cc eee eine ee 310 se) a eee 
ATNMONIUM SULALC sea a Cen elecmeter 400 3s | Se coe 
Raw bone meals... eras sheer nee ce aareeeie 80 1809 i Sees 
Steamed bone meal........... eae lee Poe 20 250: Sess 
Raw rock phosphate: jcayracctestyem ac ctesecren elon ale Meee 250) IP ae alse 
Acid: phosphate2:6% 2255 seat <a eee ace eran 125° =) eee 
Potassium: chlorid|.;:iats<cye nei ain gt om eee cial tee aa, Bee 850 
Potassium:-sulfate’ 0. ccee ee eas Hee ane. IY eevee Ue ee eee 850 
Kainits $6 i505... 6's tesa ee eee eles ede atte eats ote oe oe | 200 
Weodsashes*i(inleached) dann pisces eae eet eee 10 100 


1See footnote to Table 5. 
2Young second-year growth ready to plow under as green manure. 
3Wood ashes also contain about 1,000 pounds of lime (calcium carbonate) per ton. 
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is presented for the purpose of furnishing information regarding the quantity 
of some of the more important plant-food elements contained in materials most 
commonly used as sources of supply. 


LIBERATION OF PLANT FOOD 


The chemical analysis of the soil gives the invoice of plant-food elements 
actually present in the soil strata sampled and analyzed, but the rate of libera- 
tion is governed by many factors, some of which may be controlled by the farmer, 
while others are largely beyond his control. Chief among the important con- 
trollable factors which influence the liberation of plant food are the choice of 
crops to be grown, the use of limestone, and the incorporation of organic matter. 
Tillage, especially plowing, also has a considerable effect in this connection. 


Feeding Power of Plants——Different species of plants exhibit a very great 
diversity in their ability to obtain plant food directly from the insoluble minerals 
of the soil. As a class, the leeumes—especially such biennial and perennial 
legumes as red clover, sweet clover, and alfalfa—are endowed with unusual 
power to assimilate from mineral sources such elements as calcium and phos- 
phorus, converting them into available forms for the crops that follow. For this 
reason it is especially advantageous to employ such legumes in connection with 
the application of limestone and rock phosphate. Thru their growth and subse- 
quent decay large quantities of the mineral elements are liberated for the benefit 
of the cereal crops which follow in the rotation. Moreover, as an effect of the 
deep-rooting habit of these legumes, mineral plant-food elements are brought up 
and rendered available from the vast reservoirs of the lower subsoil. 


Effect of Limestone.—Limestone corrects the acidity of the soil and supplies 
calcium, thus encouraging the development not only of the nitrogen-gathering 
bacteria which live in the nodules on the roots of clover, cowpeas, and other 
legumes, but also the nitrifying bacteria, which have power to transform the 
unavailable organic nitrogen into available nitrate nitrogen. At the same time, 
the products of this decomposition have power to dissolve the minerals contained 
in the soil, such as potassium and magnesium compounds. 

Organic Matter and Biological Action—Organic matter may be supplied 
thru animal manures, consisting of the excreta of animals and usually accom- 
panied by more or less stable litter; and by plant manures, including green- 
manure crops and cover crops plowed under, and also crop residues such as stalks, 
straw, and chaff. The rate of decay of organic matter depends largely upon its 
age, condition, and origin, and it may be hastened by tillage. The chemical 
analysis shows correctly the total organic carbon, which constitutes, as a rule, 
put little more than half the organic matter; so that 20,000 pounds of organic 
earbon in the plowed soil of an acre corresponds to nearly 20 tons of organic 
matter. But this organic matter consists largely of the old organic residues that 
have accumulated during the past centuries because they were resistant to decay, 
and 2 tons of clover or cowpeas plowed under may have greater power to liberate 
plant-food materials than 20 tons of old, inactive organic matter. The history of 
the individual farm or field must be depended upon for information concerning 
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recent additions of active organic matter, whether in applications of farm 
manure, in legume crops, or in sods of old pastures. 


The condition of the organic matter of the soil is indicated to some extent 
by the ratio of carbon to nitrogen. Fresh organic matter recently incorporated 
with the soil contains a very much higher proportion of carbon to nitrogen than 
do the old resistant organic residues of the soil. The proportion ‘of carbon to 
nitrogen is higher in the surface soil than in the corresponding subsoil, and in 
general this ratio is wider in highly productive soils well charged with active 
organic matter than in very old, worn soils badly in need of active organic matter. 


The organic matter furnishes food for bacteria, and as it decays certain 
decomposition products are formed, including much ecarbonie¢ acid, some nitrous 
acid, and various organic acids, and these acting upon the soil have the power to 
dissolve the essential mineral plant foods, thus furnishing available phosphates, 
nitrates, and other salts of potassium, magnesium, calcium, ete., for the use of 
the growing crop. 


Effect of Tillage —Tillage, or cultivation, also hastens the liberation of plant- 
food elements by permitting the air to enter the soil. It should be remembered, 
however, that tillage is wholly destructive, in that it adds nothing whatever to 
the soil, but always leaves it poorer, so far as plant-food materials are concerned. 
Tillage should be practiced so far as is necessary to prepare a suitable seed bed 
for root development and also for the purpose of killing weeds, but more than 
this is unnecessary and unprofitable; and it is much better actually to enrich 
the soil by proper applications of limestone, organic matter, and other fertilizing 
materials, and thus promote soil conditions favorable for vigorous plant growth, 
than to depend upon excessive cultivation to accomplish the same object at the 
expense of the soil. 


PERMANENT SOIL IMPROVEMENT 


According to the kind of soil involved, any comprehensive plan contemplat- 
ing a permanent system of agriculture will need to take into account some of the 
following considerations. 


The Application of Limestone 


The Function of Limestone——In considering the application of limestone 
to land it should be understood that this material functions in several different 
ways, and that a beneficial result may therefore be attributable to quite diverse 
eauses. Limestone provides calcium, of which certain crops are strong feeders. 
It corrects acidity of the soil, thus making for some crops a much more favorable 
environment as well as establishing conditions absolutely required for some of 
the beneficial legume bacteria. It accelerates nitrification and nitrogen fixation. 
It promotes sanitation of the soil by inhibiting the growth of certain fungous 
diseases, such as corn-root rot. Experience indicates that it modifies either 
directly or indirectly the physical structure of fine-textured soils, frequently to 
their great improvement. Thus, working in one or more of these different ways, 
limestone often becomes the key to the improvement of worn lands. °' 


OGLE CouNTY 3¢ 


How to Ascertain the Need for Limestone.—One of the most reliable indica- 
tions as to whether a soil needs limestone is the character of the growth of certain 
legumes, particularly sweet clover and alfalfa. These erops do not thrive in 
acid soils. Their successful growth, therefore, indicates the lack of sufficient 
acidity in the soil to be harmful. In ease of their failure to grow the soil should 
be tested for acidity as described below. A very valuable test for ascertaining 
the need of a soil for limestone is found in the potassium thiocyanate test for 
soil acidity. It is desirable to make the test for carbonates along with the acidity 
test. Limestone is calcium carbonate, while dolomite is the combined carbonates 
of calcium and magnesium. The natural occurrence’of these carbonates in the 
soil is sufficient assurance that no limestone is needed, and the acidity test will 
be negative. On lands which have been treated with limestone, however, the 
surface soil may give a positive test for carbonates, owing to the presence of 
undecomposed pieces of limestone, and at the same time a positive test for acidity 
may be secured. Such a result means either that insufficient limestone has been 
added to neutralize the acidity, or that it has not been in the soil long enough 
to entirely correct the acidity. In making these tests, it is desirable to examine 
samples of soil from different depths, since carbonates may be present, even in 
abundance, below a surface stratum that is acid. Following are the directions 
for making the tests: 


The Potassium Thiocyanate Test for Acidity. This test is made with a 4-percent solu- 
tion of potassium thiocyanate in aleohol—4 grams of potassium thiocyanate in 100 cubic 
centimeters of 95-percent alcohol.t When a small quantity of soil shaken up in a test tube 
with this solution gives a red color the soil is acid and limestone should be applied. If the 
solution remains colorless the soil is not acid. An excess of water interferes with the reac- 
tion. The sample when tested, therefore, should be at least as dry as when the soil is in 
good tillable condition. For a prompt reaction the temperature of the soil and solution 
should be not lower than that of comfortable working conditions (60° to 75° Fahrenheit). 


The Hydrochloric Acid Test for Carbonates. Take a small representative sample of 
soil and pour upon it a few drops of hydrochloric (muriatic) acid, prepared by diluting the 
concentrated acid with an equal volume of water. The presence of limestone or some other 
carbonates will be shown by the appearance of gas bubbles within 2 or 3 minutes, producing 
foaming or effervescence. The absence of carbonates in a soil is not in itself evidence that 
the soil is acid or .hat limestone should be applied, but it indicates that the confirmatory 
potassium thiocyanate test should be earried out. 

Amounts to Apply.—Acid soils should be treated with limestone whenever 
such application is at all practicable. The initial application varies with the 
degree of acidity and will usually range from 2 to 6 tons an acre. The larger 
amounts will be needed on strongly acid soils, particularly on land being pre- 
pared for alfalfa. When sufficient limestone has been used to establish condi- 
tions favorable to the growth of legumes, no further applications are necessary 
until the acidity again develops to such an extent as to interfere with the best 
growth of these crops. This will ordinarily be at intervals of several years. In 
the case of an inadequate supply of magnesium in the soil, the occasional use 
of magnesian (dolomitic) limestone would serve to correct this deficiency. 
Otherwise, so far as present knowledge indicates, either form of limestone— 


+ Since undenatured alcohol is difficult to obtain, some of the denatured alcohols have been 
tested for making this solution. Completely denatured aleohol made over U. 8. Formulas No. 
1 and No. 4, have been found satisfactory. Some commercial firms are also offering other 
preparations which are satisfactory. 
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high-calecium or magnesian—will be equally effective, depending upon the purity 
and fineness of the respective stones. 


Fineness of Material_—The fineness to which limestone is ground is an im- 
portant consideration in its use for soil improvement. Experiments indicate that 
a considerable range in this regard is permissible. Very fine grinding insures 
ready solubility, and thus promptness in action; but the finer the grinding the 
greater is the expense involved. <A- grinding, therefore, that furnishes not too 
large a proportion of coarser particles along with the finer, similar to that of the 
by-product material on the market, is to be recommended. Altho the exact pro- 
portions of coarse and fine material cannot be prescribed, it may be said that 
a limestone crushed so that the coarsest fragments will pass thru a sereen of 4 to 10 
meshes to the inch is satisfactory if the total product is used. 


The Nitrogen Problem 


Nitrogen presents the greatest practical soil problem in American agricul- 
ture. Four important reasons for this are: its increasing deficiency in most 
soils; its cost when purchased on the open market; its removal in large amounts 
by crops; and its loss from soils thru leaching. Nitrogen usually costs from 
four to five times as much per pound as phosphorus. A 100-bushel crop of corn 
requires 150 pounds of nitrogen for its growth, but only 23 pounds of phosphorus. 
The loss of nitrogen from soils may vary from a few pounds to over one hundred 
pounds per acre, depending upon the treatment of the soil, the distribution of 
rainfall, and the protection afforded by growing crops. 

An inexhaustible supply of nitrogen is present in the air. Above each acre 
of the earth’s surface there are about sixty-nine million pounds of atmospheric 
nitrogen. The nitrogen above one square mile weighs twenty million tons, an 
amount sufficient to supply the entire world for four or five decades. This large 
supply of nitrogen in the air is the one to which the world must eventually turn. 

There are two methods of collecting the inert nitrogen gas of the air and 
combining it into compounds that will furnish products for plant growth. These 
are the chemical and the biological fixation of the atmospheric nitrogen. Farmers 
have at their command one of these methods. By growing inoculated legumes, 
nitrogen may be obtained from the air, and by plowing under more than the 
roots of these legumes, nitrogen may be added to the soil. 

Inasmuch as legumes are worth growing for purposes other than the fixation 
of atmospheric nitrogen, a considerable portion of the nitrogen thus gained 
may be considered a by-product. Because of that fact, it is questionable whether 
the chemical fixation of nitrogen will ever be able to replace the simple method 
of obtaining atmospheric nitrogen by growing inoculated legumes in the pro- 
duction of our great grain and forage crops. 

It may well be kept in mind that the following amounts of nitrogen are 


required for the produce named: 


1 bushel of oats (grain and straw) requires 1 pound of nitrogen. 

1 bushel of corn (grain and stalks) requires 114 pounds of nitrogen. 
1 bushel of wheat (grain and straw) requires 2 pounds of nitrogen. 
1 ton of timothy contains 24 pounds of nitrogen. 

1 ton of clover contains 40 pounds of nitrogen. 
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1 ton of cowpea hay contains 43 pounds of nitrogen. 

1 ton of alfalfa contains 50 pounds of nitrogen. 

1 ton of average manure contains 10 pounds of nitrogen. 

1 ton of young sweet clover, at about the stage of growth when it is plowed under as 

green manure, contains, on water-free basis, 80 pounds of nitrogen. 

The roots of clover contain about half as much nitrogen as the tops, and the 
roots of cowpeas contain about one-tenth as much as the tops. Soils of mod- 
erate productive power will furnish as much nitrogen to clover (and two or three 
times as much to cowpeas) as will be left in the roots and stubble. In grain 
erops, such as wheat, corn, and oats, about two-thirds of the nitrogen is con- 
tained in the grain and one-third in the straw or stalks. 


The Phosphorus Problem 


The element phosphorus is an indispensable constituent of every living cell. 
It is intimately connected with the life processes of both plants and animals, the 
nuclear material of the cells being especially rich in this element. 

The phosphorus content of the soil is dependent upon the origin of the soil. 
The removal of phosphorus by continuous cropping slowly reduces the amount 
of this element in the soil available for- crop use, unless its addition is provided 
for by natural means, such as overflow, or by agricultural practices, such as the 
addition of phosphatic fertilizers and rotations in which deep-rooting, leguminous 
erops are frequently grown. 

It should be borne in mind in connection with the application of phosphate, 
or of any other fertilizing material, to the soil, that no benefit can result until 
the need for it has become a limiting factor in plant growth. For example, if 
there is already present in the soil sufficient available phosphorus to produce a 
forty-bushel erop, and the nitrogen supply or the moisture supply is sufficient 
for only forty bushels, or less, then extra phosphorus added to the soil cannot 
increase the yield beyond this forty-bushel limit. 

There are several different materials containing phosphorus which are 
applied to land as fertilizer. The more important of these are bone meal, acid 
phosphate, natural raw rock phosphate, and basic slag. Obviously that carrier 
of phosphorus which gives the most economical returns, as considered from all 
standpoints, is the most suitable one to use. Altho this matter has been the 
subject of much discussion and investigation the question still remains unsettled. 
Probably there is no single carrier of phosphorus that will prove to be the most 
economical one to use under’ all circumstances because so much depends upon 
soil conditions, crops grown, length of haul, and market conditions. 

Bone meal, prepared from the bones of animals, appears on the market in 
two different forms, raw and steamed. Raw bone meal contains, besides the 
phosphorus, a considerable percentage of nitrogen which adds a useless expense 
if the material is purchased only for the sake of the phosphorus. As a source of 
phosphorus, steamed bone meal is preferable to raw bone meal. Steamed bone 
meal is prepared by extracting most of the nitrogenous and fatty matter from 
the bones, thus producing a more nearly pure form of calcium phosphate con- 
taining about 10 to 12 percent of the element phosphorus. 
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Acid phosphate is produced by treating rock phosphate with sulfuric acid. 
The two are mixed in about equal amounts; the product therefore contains 
about one-half as much phosphorus as the rock phosphate itself. Besides phos- 
phorus, acid phosphate also contains sulfur, which is likewise an element of 
plant food. The phosphorus in acid phosphate is more readily available for 
absorption by plants than that of raw rock phosphate. Acid phosphate of good 
quality should contain 6 percent or more of the element phosphorus. 

Rock phosphate, sometimes called floats, is a mineral substanee found in 
vast deposits in certain regions. The phosphorus in this mineral exists chem- 
ically as tri-calcium phosphate, and a good grade of the rock should contain 
121% percent, or more, of the element phosphorus. The rock should be ground 
to a powder, fine enough to pass thru a 100-mesh sieve, or even finer. 

The relative cheapness of raw rock phosphate, as compared with the treated 
or acidulated material, makes it possible to apply for equal money expenditure 
considerably more phosphorus per acre in this form than in the form of acid 
phosphate, the ratio being, under the market conditions of the past several years, 
about 4 to 1. That is to say, under these market conditions, a dollar will pur- 
chase about four times as much of the element phosphorus in the form of rock 
phosphate as in the form of acid phosphate, which is an important consideration 
if one is interested in building up a phosphorus reserve in the soil. As explained 
above, more very carefully conducted comparisons on various soil types under 
various cropping systems are needed before definite statements can be given as 
to which form of phosphate is most economical to use under any given set of 
conditions. 

Basic slag, known also as Thomas phosphate, is another carrier of phos- 
phorus that might be mentioned because of its considerable usage in Hurope 
and eastern United States. Basic slag phosphate is a by-product in the manu- 
facture of steel. It contains a considerable proportion of basic material and 
therefore it tends to influence the soil reaction. 

Rock phosphate may be applied at any time during a rotation, but it is 
applied to the best advantage either preceding a crop of clover, which plant 
seems to possess an unusual power for assimilating the phosphorus from raw 
phosphate, or else at a time when it can be plowed under with some form of 
organic matter such as animal manure or green manure, the decay of which 
serves to liberate the phosphorus from its insoluble condition in the rock. It is 
important that the finely ground rock phosphate be intimately mixed with the 
organic material as it is plowed under. 

In using acid phosphate or bone meal in a cropping system which includes 
wheat, it is a common practice to apply the material in the preparation of the 
wheat ground. It may be advantageous, however, to divide the total amount 
to be used and apply a portion to the other crops of the rotation, particularly 
to corn and to clover. 

The Potassium Problem 


Our most common soils, which are silt loams and clay loams, are well stocked 
with potassium, altho it exists largely in a slowly soluble form. Such soils as 
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sands and peats, however, are likely to be low in this element. On such soils 
this deficiency may be remedied by the application of some potassium salt, such 
as potassium sulfate, potassium chlorid, kainit, or other potassium compound, 
and in many instances this is done at great profit. 

From all the facts at hand it seems, so far as our great areas of common 
soils are concerned, that, with a few exceptions, the potassium problem is not 
one of addition but of liberation. The Rothamsted records, which represent the 
oldest soil experiment fields in the world, show that for many years other soluble 
salts have had practically the same power as potassium salts to increase crop 
yields in the absence of sufficient decaying organic matter. Whether this action 
relates to supplying or liberating potassium for its own sake, or to the power 
of the soluble salt to increase the availability of phosphorus or other elements, 
is not known, but where much potassium is removed, as in the entire crops at 
Rothamsted, with no return of organic residues, probably the soluble salt fune- 
tions in both ways. 

Further evidence on this matter is furnished by the Illinois experiment field 
at Fairfield, where potassium sulfate has been compared with kainit both with 
and without the addition of organic matter in the form of stable manure. Both 
sulfate and kainit produced a substantial increase in the yield of corn, but the 
cheaper salt—kainit—was just as effective as the potassium sulfate, and returned 
some financial profit. Manure alone gave an increase similar to that produced 
by the potassium salts, but the salts added to the manure gave very little increase 
over that produced by the manure alone. This is explained in part, perhaps, by 
the fact that the potassium removed in the crops is mostly returned in manure 
properly cared for, and perhaps in larger part by the fact that decaying organic 
matter helps to liberate and hold in solution other plant-food elements, especially 
phosphorus. 

In laboratory experiments at the Illinois Experiment Station, it has been 
shown that potassium salts and most other soluble salts increase the solubility of 
the phosphorus in soil and in rock phosphate; also that the addition of glucose 
with rock phosphate in pot-culture experiments increases the availability of the 
phosphorus, as measured by plant growth, altho the glucose consists only of car- 
bon, hydrogen, and oxygen, and thus contains no limiting element of plant food. 

In considering the conservation of potassium on the farm it should be re- 
membered that in average livestock farming the animals destroy two-thirds of 
the organic matter and retain one-fourth of the nitrogen and phosphorus from 
the food they consume, but that they retain less than one-tenth of the potassium ; 
so that the actual loss of potassium in the products sold from the farm, either 
in grain farming or in livestock farming, is negligible on land containing 25,000 
pounds or more of potassium in the surface 6%4 inches. 


The Calcium and Magnesium Problem 


When measured by crop removals of the plant-food elements, calcium is 
often more limited in Illinois soils than is potassium, while magnesium may be 
occasionally. In the case of calcium, however, the deficiency is likely to develop 
more rapidly and become much more marked because this element is leached 
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out of the soil in drainage water to a far greater extent than is either Peeeesram 
or potassium. 

The annual loss of limestone from the soil depends, of course, upon a num- 
ber of factors aside from those which have to do with climatie conditions. 
Among these factors may be mentioned the character of the soil, the kind of 
limestone, its condition of fineness, the amount present, and the sort of farming 
practiced. Because of this variation in the loss of lime materials from the soil, 
it is impossible to prescribe a fixed practice in their renewal that will apply uni- 
versally. The tests for acidity and carbonates described above, together with the 
behavior of such lime-loving legumes as alfalfa and sweet clover, will serve as 
general indicators for the frequency of applying limestone and the amount to 
use on a given field. 

Limestone has a direct value on some soils for the plant food which it 
supplies, in addition to its value in correcting soil acidity and in improving the 
physical condition of the soil. Ordinary limestone (abundant in the southern 
and western parts of Illinois) contains nearly 800 pounds of ealeium per ton; 
while a good grade of dolomitie limestone (the more common limestone of north- 
ern Illinois) contains about 400 pounds of calcium and 300-pounds of magnesium 
per ton. Both of these elements are furnished in readily available form in 
ground dolomitie limestone. 


The Sulfur Question 


In considering the relation of sulfur in a permanent system of soil fertility 
it is important to understand something of the eycle of transformations that this 
element undergoes in nature. Briefly stated this is as follows: 

Sulfur exists in the soil in both organie and inorganic forms, the former 
being gradually converted to the latter form thru bacterial action. In this 
inorganic form sulfur is taken up by plants which in their physiological pro- 
cesses change it once more into an organic form as a constituent of protein. 
When these plant proteins are consumed by animals, the sulfur becomes a part 
of the animal protein. When these plant and animal proteins are decomposed, 
either thru bacterial action, or thru combustion, as in the burning of coal, the 
sulfur passes into the atmosphere or into the soil solution in the form of sulfur 
dioxid gas. This gas unites with oxygen and water to form sulfurie acid, which 
is readily washed back into the soil by the rain, thus completing the eyele, from 
soil—to plants and animals—to air—to soil. 

In this way sulfur becomes largely a self-renewing element of the soil, altho 
there is a considerable loss from the soil by leaching. Observations taken at the 
Illinois Agricultural Experiment Station show that 40 pounds of sulfur per 
acre are brought into the soil thru the annual rainfall. With a fair stock of 
sulfur, such as exists in our common types of soil, and with an annual return, 
which of itself would more than suffice for the needs of maximum crops, the 
maintenance of an adequate sulfur supply presents little reason at present for 
serious concern. There are regions, however, where the natural stock of sulfur 
in the soil is not nearly so high and where the amount returned thru rainfall is 
small. Under such circumstances sulfur soon becomes a limiting element of 
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crop production, and it will be necessary sooner or later to introduce this sub- 
stance from some outside source. Investigation is now under way to determine 
to what extent this situation may apply under Illinois conditions. 


Physical Improvement of Soils 


In the management of most soil types, one very important matter, aside from 
proper fertilization, tillage, and drainage, is to keep the soil in good physical 
condition, or good tilth. The constituent most important for this purpose is 
organic matter. Organic matter in producing good tilth helps to control wash- 


‘ing of soil on rolling land, raises the temperature of drained soil, increases the 


moisture-holding capacity of the soil, slightly retards capillary rise and conse- 
quently loss of moisture by surface evaporation, and helps to overcome the 
tendency of some soils to run together badly. 

The physical effect of organic matter is to produce a granulation or mellow- 
ness, by cementing the fine soil particles into crumbs or grains about as large as 
grains of sand, which produces a condition very favorable for tillage, percolation 
of rainfall, and the development of plant roots. 

Organic matter is undergoing destruction during a large part of the year 
and the nitrates produced in its decomposition are used for plant growth. Altho 
this decomposition is necessary, it nevertheless reduces the amount of organic 
matter, and provision must therefore be made for maintaining the supply. The 
practical way to do this is to turn under the farm manure, straw, cornstalks, 
weeds, and all or part of the legumes produced on the farm. The amount of 
legumes needed depends upon the character of the soil. There are farms, espe- 
cially grain farms, in nearly every community where all legumes could be turned 
under for several years to good advantage. 

Manure should be spread upon the land as soon as possible after it is pro- 
duced, for if it is allowed to lie in’the barnyard several months as is so often 
the case, from one-third to two-thirds of the organic matter will be lost. 

Straw and cornstalks should be turned under, and not burned. There is 
considerable evidence indicating that on some soils undecomposed straw applied 
in excessive amount may be detrimental. Probably the best practice is to apply 
the straw as a constituent of well-rotted stable manure. Perhaps no form of 
organic matter acts more beneficially in producing good tilth than cornstalks. It 
is true, they decay rather slowly, but it is also true that their durability in the 
soil is exactly what is needed in the production of good tilth. Furthermore, 
the nitrogen in a ton of cornstalks is one and one-half times that of a ton of 
manure, and a ton of dry cornstalks incorporated in the soil will ultimately 
furnish as much humus as four tons of average farm manure. When burned, 
however, both the humus-making material and the nitrogen are lost to the soil. 

It is a common practice in the corn belt to pasture the cornstalks during 
the winter and often rather late in the spring after the frost is out of the ground. 
This trampling by stock sometimes puts the soil in bad condition for working. 
It becomes partially puddled and will be cloddy as a result. If tramped too 
late in the spring, the natural agencies of freezing and thawing and wetting 
and drying, with the aid of ordinary tillage, fail to produce good tilth before 
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the crop ia planted, Whether the crap be-corm 
if the season ia dry, much damage may be domes 
poor stand is likely to result, and if put inmoateht 
unfavorable for their growth. Sometimes-the-sen: ‘ 
also produces a partial puddling whieh is unta 
biological processes. The effeet becomes worse I 


organie matter below the amount necessary tom 


Systems of Crop ks 


In a program of permanent soil immpre 
a good rotation of crops, ineinding, for the 
use of legumes. No one can say im advanee fo 
prove to be the best rotation of eropse beeause of Vv 
and in prices for produce. As a zenerai ormerxnie 
the frequent introduetion of leguminous ¢TOpS: ai 
ing up poor soils. 
Following are a few suggested rotations 
lines to be modified aecording to speezal emew 
Six-Year Rotations: 


First year —Corn 
Second year —Corn 
Third year —Wheat or oats (with clowers ome! 
Fourth year —Olover, or clover and grass 
Fifth year —Wheat (with clover), or grass amd: ch 
Siath year —Clover, or clover and grass 


In grain farming, with smail grat grewa theetii 
the unsalable products should be returned: ter thites 
clipped and left on the land or returmed adterst 
livestock farming, the field may be used threes) 
ture and meadow if desired. The systeme mage Deen 
by cutting out either the second om the: sixetit peas 2 
omitting the fifth and sixth years, as: indicated: bel 


The two following rotations are suggested: ase 
bating the corn borer: 


First year —Corn Pest year 
Second year —Soybeans Seevnd 
Third year —-Small grain (wrth: lograme) Tieeetek, yee - - 
Fowrth year —Legume Own t 

Fifth year —Corn (for silage) PRith. year 
Sizth year —Wheret (with sweet clover) Shetie reat 


‘ Ptye- Year Rotations: 
First year —Corn 


Second year —Wheat or oxts (with clover; ar clawer 
Third year —Clover, or clover aan erase: 

Pourth year —Wheat (with clover), or cover and 
Fifth year —Clover, or clover and grass: 


First year —Corn 
Seeond year —Soybeuns 
sate year —Corn 
ourth year —Wheat (with Togumne 
Fifth year —Legume : : 
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First year —Corn 

Second year —Cowpeas or soybeans 
Third year —Wheat (with clover) 
Yourth year —Clover 

‘ifth year —Wheat (with clover) 


‘he last rotation mentioned above allows legumes to be grown four times. 
\ itfa may be grown on a sixth field, rotating over all the fields if moved every 


ears. 
_ Four-Year Rotations 

ear —Corn First year —Corn 
oa year —Wheat or oats (with clover) Second year —Corn 
1 year —Clover Third year —Wheat or oats (with clover) 
it year —Wheat (with clover) Fourth year —Clover 

year —Corn First year Wheat (with clover) 

1 year —Cowpeas or soybeans Second year —Clover 
1 year Wheat (with clover) Third year —Corn 

', year —Clover Fourth year —Oats (with clover) 


.lfalfa may be grown on a fifth field for four or eight years, which is to be 
enated with one of the four; or the alfalfa may be moved every five years, 
ius rotated over all five fields every twenty-five years. 


Three-Year Rotations 


ear —Corn First year Wheat or oats (with clover) 
+ year —Oats or wheat (with clover) Second year —Corn 
' year —Clover Third year —Cowpeas or soybeans 


*y allowing the clover, in the last rotation mentioned, to grow in the spring 
o® preparing the land for corn, we have provided a system in which legumes 
oon every aere every year. This is likewise true of the following suggested 
-ear system : 
Two-Year Rotations 


First year —Oats or wheat (with sweet clover) 
Second year —Corn 


.itho in this two-year rotation either oats or wheat is suggested, as a matter 
- let, by dividing the land devoted to small grain, both of these crops can be 
‘vom simultaneously, thus providing a three-crop system in a two-year cycle. 
‘ should be understood that in all of the above suggested cropping systems 
‘ nw be desirable in some cases to substitute barley or rye for the wheat or oats. 
Jr, 1 some eases, it may become desirable to divide the acreage of small grain and 
erowin the same year more than one kind. In all of these proposed rotations 
‘he ord clover is used in a general sense to designate either red clover, alsike 
clove, or sweet clover, or it may include alfalfa used as a biennial. The mixing 
of olalfa with clover seed for a legume crop is a recommendable practice. The 
valuof sweet clover, especially as a green manure for building up depleted soils, 
as wil as a pasture and hay-crop, is becoming thoroly established, and its im- 
porinee in a erop-rotation program may well be emphasized. 


SUPPLEMENT: EXPERIMENT FIELD DATA 


(Results from Experiment Fields on Soil Types Similar to Those Occurring im 
Ogle County) , 


The University of Illinois has conducted altogether about fifty soil experi- 
ment fields in different sections of the state and on various types of soil. Altho 
some of these fields have been discontinued, the majority are still in operation. 
It is the present purpose to report the summarized results from certain of these 
fields located on types of soil described in the accompanying soil report. 

A few general explanations at this point, which apply to all the fields, will 
relieve the necessity of numerous repetitions in the following pages. 


Size and Arrangement of Fields 
The soil experiment fields vary in size from less than two acres up to 40 acres 
cr more. They are laid off into series of plots, the plots commonly being either 
one-fifth or one-tenth acre in area. Each series is occupied by one kind of crop. 
Usually there are several series so that a crop rotation can be earried on with 
every crop represented every year. 


Two Farming Systems Provided 
On many of the fields the treatment provides for two distinct systems of 
farming, livestock farming and grain farming. 
In the livestock system, stable manure is used to furnish organie matter and 


nitrogen. The amount applied to a plot is based upon the amount that ean be 
produced from crops raised on that plot. 


In the grain system no animal manure is used. The organie matter and 
nitrogen are applied in the form of plant manures, including the plant residues 
produced, such as cornstalks, straw from wheat, oats, clover, ete., along with 
leguminous catch crops plowed under. It is the plan in this latter system to 
remove from the land, in the main, only the grain and seed produced, except in 
the case of alfalfa, that crop being harvested for hay the same as in the livestock 
system. Certain modifications have been introduced in recent years. 


Definite Crop Rotations Followed , 

Crops which are of interest in the respective localities are grown in definite 
rotations. The most common rotation used is wheat, corn, oats, and clover; 
and often these crops are accompanied by alfalfa growing on a fifth series. In 
the grain system a legume catch crop, usually sweet clover, is included, which 
is seeded on the young wheat in the spring and plowed under in the fall or in 
the following spring in preparation for corn. If the red clover crop fails, soy- 
beans are substituted. 

Soil Treatment 

The treatment applied to the plots has, for the most part, been standardized 
according to a rather definite system, altho deviations from this system occur 
now and then, particularly in the older fields. 
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Following is a brief explanation of this standard system of treatment. 

Animal Manures.—Animal manures, consisting of excreta from animals, with 
stable litter, are spread upon the respective plots in amounts proportionate to 
previous crop yields, the applications being made in the preparation for corn. 

Plant Manures.——Crop residues produced on the land, such as stalks, straw, 
and chaff, are returned to the soil, and in addition a green-manure crop of sweet 
clover is seeded in small grains to be plowed under in preparation for corn. (On 
plots where limestone is lacking the sweet clover seldom survives.) This practice 
is designated as the residues system. 

Mineral Manures.—The yearly acre-rates of application have been: for lime- 
stone, 1,000 pounds; for raw rock phosphate, 500 pounds; and for potassium, 
usually 200 pounds of kainit. When kainit was not available, owing to conditions 
brought on by the World war, potassium carbonate was used. The initial applica- 
tion of limestone has usually been 4 tons per acre, 


Explanation of Symbols Used 
0 = Untreated land or check plots 


M = Manure (animal) 

R = Residues (from crops, and includes legumes used as green manure) 

L = Limestone 

P = Phosphorus, in the form of rock phosphate unless otherwise designated 
(aP = acid phosphate, bP = bonemeal, rP = rock phosphate, sP —slag 
phosphate) 

K = Potassium (usually in the form of kainit) 

N = Nitrogen (usually in the form contained in dried blood) 


Le = Legume used as green manure 

Cv = Cover crop 

( ) = Parentheses enclosing figures, signifying tons of hay, as distinguished from 
bushels of seed 

| = Heavy vertical rule, indicating the beginning of complete treatment 

| == Double vertical rule, indicating a radical change in the cropping system. 


| 


In discussions of this sort of data, financial profits or losses based upon 
assigned market values are frequently considered. However, in view of the 
erratic fluctuations in market values—especially in the past few years—it seems 
futile to attempt to set any prices for this purpose that are at all satisfactory. 
The yields are therefore presented with the thought that with these figures at 
hand the financial returns from a given practice can readily be computed upon 
the basis of any set of market values that the reader may choose to apply. 


THE MT. MORRIS FIELD 


A University soil experiment field located in Ogle county has been in opera- 
tion for the past sixteen years. This field is situated near the center of the 
county at the edge of the town of Mt. Morris. The soil type as shown on the 
county map is Brown Silt Loam but, as explained in the description of the Brown 
Silt Loam, this type as mapped in Ogle county embraces several variations. A 
detailed examination of the soil of the Mt. Morris field discloses five distinguish- 
able types which, on a large-scale map, can be indicated. Such a map is pre- 
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Fic. 2.—DIAGRAM OF THE Mt. Morris Som EXPERIMENT FIELD 


This diagram shows the arrangement of plots, the soil treatments applied, the location of 
the different soil types, and by means of contour lines, the natural drainage. 


sented in the accompanying diagram (Fig. 2). The names of these types and 
their distribution over the field are shown in the diagram. There are also 
charted the arrangement of plots with their respective soil treatments, and the 
topography of the land as represented by contour lines. As these lines indicate, 
the land is somewhat rolling and there is a tendency to wash in some places. The 
field has been tiled and the drainage is good excepting on some of the lower spots. 


The field, which includes 20 acres, is laid out in two general systems of — 


plots which have been designated as the major and the minor systems. Hach 
system embraces four series of plots as described below. 


The Major Series—100, 200, 300, 400 


The four series of plots constituting the major system, are each made up 
of 10 fifth-acre plots under the different soil treatments indicated in the accom- 
panying tables and diagram. A rotation system of wheat, corn, oats, and clover 
was practiced. The crops were managed practically as described for the general 
plan on page 46 until 1921, when it was planned to remove all clover as hay, 


» 
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and to discontinue the return of oat straw. In 1922 the return of the wheat 
straw was also discontinued as well as the application of limestone. In 1923 the 
phosphate applications were evened up on all phosphate plots to a total amount 
of 4 tons an acre and no more will be applied for an indefinite period. 


Since the Mt. Morris field is located in Ogle county, a complete record of the 
yields of all crops grown is included in this report. The results for the major 
Series are given in detail in Table 7 and these results are summarized in Table 8 
to show the average annual yields per acre for the different kinds of crops, in- 
cluding the years since complete soil treatment on the respective plots has been 
in effect. 


In looking over these results, one may observe first the beneficial effect of 
farm manure. The annual crop increases due to the use of manure alone amount 
to over 14 bushels an acre for corn, nearly 9 bushels of oats, almost 5 bushels of 
wheat, and about 14 ton of clover. Organic manure furnished by ‘‘residues’’ 
has likewise proved beneficial to all crops, but not in the same degree as stable 
manure. 


Limestone in addition to organic manures has been used with good effect, 
the improvement being especially marked in the residues system. 


Rock phosphate has produced no significant effect applied with manure and 
limestone. In the corresponding residues system. the increases in yield obtained 
from rock phosphate are somewhat larger, but they have not been sufficient to 
cover the cost of the phosphate applied. 


Potassium, in the combination used in these experiments, has produced no 
results of significance, 


Fig. 3.—Corn ON THE Mt. Morris FIELD 


The two pictures represent the extremes in corn production according to soil treatment. 
Where the untreated land has produced as a fourteen-year average 44.6 bushels an acre, the 
land under the residues, limestone, phosphate, potash treatment has yielded 67.2 bushels. The 
most profitable treatment on this field, however, has been that of residues and limestone, which 
has produced 62.2 bushels an acre. 
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TasLe 8.—MT. MORRIS FIELD: Series 100, 200, 300, 400, Summary or Crop YreLps 
Average Annual Yields, 1913-1926—Bushels or (tons) per acre 


Serial Corn Oats Wheat | Clover! Soy- 
plot Soil treatment applied beans 
No. . 14 crops | 14 crops | 12 crops | 10 crops | 2 crops 

1 Oo co's 5.8 above Se ce ae atae ee 45.3 58.5 23.3 (1.96) (1.56) 
ya ee Weipa gee ee) iC ni ote 59.5 67.4 28.1 (2.53) (1.70) 
3) Mligoe sod cece ree ror ate > 64.4 qOso 34.4 (2.97) (1.80) 
eC MO WE CARRS es fo 1, 5 a MNES ei 64.3 W1.5 35.9 (2.92) (1.92) 
B: 150: 2 ote eter erie ise eater 44.6 54.9 23 e (1.61) 13.5 
6 RR atid’ £1 aps oars a Se Tran eee 51.2 59.4 25.8 (fear) 16.0 
Gite al| BEG Li's lord seSiekerdts aceon ee tee peers Cee 62.2 68.8 By (2.24) 18.9 
Sur WLP Eee. cance ener ter te aie 65.6 70.2 36.2 (2.23) 20.7 
OF ER Peet aay ake cuntauct ataiaere aot 67.2 70.4 36.3 (2.24) 20.0 
DOES Oi Seika acer higos saute gee eee ee ue ae 43.6 52.4 24.6 (1.79) (1.68) 
Crop Increases 
ME Over OR, «idee Ss ders aieleaeterona 14.2 8.9 4.8 (See) ( .14) 
Re OVETj0 Be Oia, tec ee eee oe 6.6 4.5 2.3 ( .16) 2.5 
MEL AoverlM sccnis wer eee ieee rete 4.9 Sul 6.3 ( .44) 10) 
IRiLiover th sei iar eich cere 11.0 9.4 6.9 ( 24H) 2.9 
IMLEP' overuVils s.r. ce em acasserres — oil PR, 1.5 |—(€ 205) (12) 
RLP Over AR Us.wcadts one Cee etek 3.4 1.4 3.5 |—( .01) 1.8 
RLPE over RUP Ser eae 1.6 a2 Bl ( JOR ei— c..7 


1Some clover seed evaluated as hay. 


The Minor Series—500, 600, 700, 800 


The plots of the minor series were not laid out until 1912. At this time a 
rotation of potatoes two years, and alfalfa six years, was started. Manure was 


applied at the rate of 15 tons an acre for each potato crop. In the beginning ~ 


4 tons of limestone an acre was applied, and thereafter the applications were 
continued at the rate of 14 ton a year, all applied in preparation for the alfalfa. 
Rock phosphate was applied at the annual acre rate of 500 pounds before the first 
potato crop. In 1921 the rotation was changed to corn, barley, sweet clover, and 
alfalfa. The manure was evened up to a total of 30 tons an acre, the limestone 
to 9 tons, and the rock phosphate to 314 tons, no more of these materials to be 
applied for an indefinite period. 


Table 9 presents an outline of the cropping history of these series, while 
Table 10 summarizes the work in terms of average annual acre-yields for those 
years since the plots have been under their full treatments. 


The general beneficial effect of farm manure is again demonstrated. The 
use of limestone has also given profitable returns, particularly in the alfalfa hay. 
The negative result with sweet clover seed is probably due to the fact that the 
ranker vegetative growth observed on the lime plots was detrimental to seed 
production. 


Here, as on the major system of plots, with a different crop rotation, rock 
phosphate has produced no significant effect. a 


a 
: 
5: 
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Taste 10.—MT. MORRIS FIELD: Series 500, 600, 700, 800, Summary or Crop YIELDS 
Average Annual Yields, 1913-1926—Bushels or (tons) per acre 


Serial As Potatoes | Alfalfa Corn Barley | Sweet clo-| Timothy- 
plot Soil treatment ver seed | alsike 
No. applied 8 crops | 19 crops | 6 crops 6 crops | & crops 1 crop 

1 Qo eess,e re) s oe 89.8 (2.35) 68.0 37.8 3.83 (1.46) 
2 1 IRE, cneny o 137.8 (3.03) 70.6 49.3 4,28 (2.01) 
3 i Den reid 5.5 tc 143.5 (3.77) 74.0 55.4 3.24 (2.45) 
4 MiPee. . eso eee er 141.1 (3.89) 74.7 55.3 3.10 (2.54) 
Crop Increases 
Mcover0 |. seo. spent 48.0 C34) 2.6 11.5 .45 ( .55) 
MT OV Ero Vitae nace 5.7 (© Sel 3.4 6.1 —1.04 ( .44) 
MLP over ML.......] — 2.4 (312) ae - .l — .14 ( .09) 


THE DIXON FIELD 


A summary of the results of the Dixon experiment field are presented here, 
inasmuch as the soil of this field is similar to some of that found in Ogle coutity. 

This field, which ineludes about 21 acres, is laid out into two general systems 
of plots, a major and a minor system. The results from the major system will 
be considered here. 

The rotation practiced has been wheat, corn, oats, and clover. The treatment 
of the plots and management of the crops have been, for the most part, according 
to the general plan described above on page 46. The more important modifica- 
tion of this plan bas been the discontinuance within the last few years of the 
applications of limestone, phosphate, and straw residues. 


TasBiLe 11.—DIXON FIELD: Series 100, 200, 300, 400, SumMary or Crop YIELDS 
Average Annual Yields, 1912-1926—Bushels or (tons) per acre 


Poe Soil treatment Corn Oats Wheat Barley | Clover! | Soybeans 
No. applied 15 crops | 14.crops | 11 crops| 1 crop 9 crops 4. crops 
1 Oey eee inks Behar tare ON 36.3 49.0 20.3 43.3 (1.73) (1.46) 
2 Mi ey cies sec ees 55.6 61.7 26.9 46.4 (2.44) (1.78) 
3 IV Ti sees eie eager crete 59.7 65.5 31.0 55.2 (2.70) (1.92) 
4 1 BF Eda Aes eater ited 62.3 67.3 34.2 58.3 (2.82) (1.97) 
5 WMO see th ees, Siete 42.6 54.4 O17 49.5 | “(ieaaet Ss 
6 TR So gos heey tae ies ae 50.5 58.7 24.8 53.8 (1.47) 13.5 
if BUI A Sate oper & ae ceaehets 56.4 62.6 28.0 54.5 Gly) 13.3 
Ses RRIGR oe seein Siaais 65.1 32.9 59.0 (2.04) 13.3 
9 USN OF od Smee a Agente Alc ats (titel 64.6 abies 56.9 (2.18) 14.0 
10 Octal Ntotveenter teeta 41.3 52.0 20.0 45.4 (1.89) (1.45) 
Crop Increases ‘ 
Mover 0). 38he eee: 19.3 12 6.6 Sak Say (332) 
RrOVer Olen nae 7.9 4.3 Ball 4.3 (Gren?) LZ. 
Mover. Mik as aries 4.1 3.8 Am 8.8 (E26) € 14) 
RE aver Ro: ee 5.9 3.9 3.2 71. (260ye 
MLP oversMiLeo.... 2: 2.6 1.8 3.2 Seal Cn) 205) 
RE Rvoyv.er Riese 1.3 2.5 4.9 4.5 Cre 2G) 0.0 
RLUPK over RLP..s.. 3.4 — .5 8 = eek (es 7 


1Including some seed crops evaluated in this summary as hay. 
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Table 11 gives a summary of the results in terms of the average annual crop 
yields obtained since the plots have been under complete treatment. 

In considering these results, the most striking feature to be observed is 
the outstanding effect of farm manure. The average annual increase per acre 
in erop yields due to the use of manure alone amounts to nearly 20 bushels of 

corn, more than 12 bushels of oats, nearly 7 bushels of wheat, 74 of a ton of 
~ clover, and 14 of a ton of soybean hay. 

Organic manure in the form of crop residues has also produced increases in 
yields altho not to the extent of those produced by animal manure. 

Limestone in addition to organic manures has, with a single exception, 
effected more or less improvement, probably sufficient to cover the expense of 
application. 

Rock phosphate, as usual, shows up to best advantage used with residues on 
the wheat crop. The effect on other crops, however, has been such that the 
increases in yield are not sufficient to cover the cost of the application under 
existing market conditions. 

Altho potassium has produced an average increase of 3.5 bushels an acre in 
corn, the effects on other crops are such as to render its use unprofitable in 
growing these common field crops. 


THE VIENNA FIELD 


Inasmuch as Ogle county embraces in its Yellow Silt Loam and certain 
other soil types considerable land that is subject to destruction thru erosion or 
washing, an account of the experiments on the Vienna field should be of interest 
in this report. 

The Vienna field, located in Johnson county, is representative of the sloping 
erodible land so prevalent in that section of the state. Experiments were con- 
ducted nine years with the purpose of testing different methods of reclaiming 
this badly gullied land and preventing further erosion. The whole field with 
the exception of about three acres had been abandoned because so much of the 
surface soil had washed away and there were so many gullies as to render further 
cultivation of this land unprofitable. Experiments were started at once to reclaim 
this land, the different methods described below being used for this purpose. 

The field was divided into five sections. The sections designated as A, B, 
and C were divided into four plots each, and D into three plots. On section A, 
which ineluded the steepest part of the area and contained many gullies, the 
land was built up into terraces at vertical intervals of five feet. Near the edge 
of each terrace a small ditch was placed so that the water could be carried to a 
natural outlet without much washing. 

On section B the so-called embankment method was used. By this method 
erosion is prevented by plowing up ridges sufficiently high so that on the occa- 
sion of a heavy rainfall, if the water breaks over, it will run over in a broad sheet 
rather than in narrow channels. At the steepest part of the slope hillside ditches 
were made for carrying away the run-off. 

Section C was washed badly but contained only small gullies. Here the 
attempt was made to prevent washing by incorporating organic matter in the 
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Fic. 4.—VIEw OF AN UNIMPROVED HILLSIDE JUST OVER THE FENCE FROM THE FIELD 
SHOWN IN Fia. 5 


soil and practicing deep contour plowing and contour planting. With two 
exceptions, about 8 loads of manure per acre were turned under each year for 
the corn crop. 

The land on section D was washed to about the same extent as that of sec- 
tion C. As a check on the different methods of reducing erosion, the land on 
section D was farmed in the most convenient way, without any special effort 
being made to prevent washing. 

Section E was badly eroded and gullied and no attempt was made to crop 
it other than to fill in the gullies with brush and to seed the land to grass. 

Sections A, B, C, and D were not entirely uniform; some parts were washed 
more than others and portions of the lower-lying land had been affected by soil 


Fig. 5—CorRN GROWING ON IMPROVED HILLSIDE OF THE VIENNA EXPERIMENT EYIELD. THIS 
LAND FORMERLY HAD BEEN BADLY ERRODED. COMPARE WITH Fig. 4 
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Tassie 12.—VIENNA FIELD: Hanpuine Hinisipe Land To PREVENT EROSION 
Average Annual Yields, 1907-1915—Bushels or (tons) per acre 


Corn Wheat Clover 


Section Method ? crops 7 crops 3 crops 
A Terrace. 01. eect eee teen eens 31.4 9.0 e208) 
B Embankments and hillside ditches............... 32.4 12.7 ( .97) 

C Organic matter, deep contour plowing, and con- 
ts OG 0. 6, See Se 2029 1 ( .80) 
D eer OMaR Te itis cis ss as Se ew sind oe eh bacot Ba x 14.1 4.6 ( ..21) 


material washed down from above. When the field was secured, the higher land 
had a very low producing capacity. On many spots little or nothing would grow. 

Limestone was applied to the entire field at the rate of 2 tons per acre. 
Corn, cowpeas, wheat, and clover were grown in a four-year rotation on each 
section except D which had but three plots. 

Table 12 contains a summarized statement of the results obtained. 

These results indicate something of the possibilities in improving hillside 
land by protecting it from erosion. The average yield of corn from the pro- 
tected series (A, B, and C) was 30.6 bushels per acre, as against 14.1 bushels 
for series D; wheat yielded 11.1 bushels in comparison with 4.6 bushels; and 
clover .82 ton in comparison with .21 ton. 

A comparison of Figs. 4 and 5 will serve to indicate the possibility of im- 
proving this type of soil. 


THE OQUAWKA FIELD 


In 1913 the University established an experiment field on Dune Sand, Ter- 
race, in Henderson county, near the Mississippi river. This field is divided into 
six series of plots. Corn, soybean, wheat, sweet clover, and rye, with a catch 
erop of sweet clover seeded in the rye on the residues plots, are grown in rotation 
on five series, while the sixth series is devoted to alfalfa. When sweet clover 
seeded in the wheat fails, cowpeas are substituted. 


Table 13 indicates the kinds of treatment applied, the amounts of the ma- 
terials used being in accord with the standard practice, as explained on page 47. 

The data make apparent the remarkably beneficial action of limestone on 
this sand soil. Where limestone has been used in conjunction with crop residues, . 
the yield of corn has been practically doubled. The limestone has also produced 
good crops of rye and fair crops of sweet clover and alfalfa. 

This land appears to be quite indifferent to treatment with rock phosphate. 
The analyses show, however, that the stock of phosphorus in this type of soil is 
not large, and it may develop as time goes on and the supply diminishes along 
with the production of good-sized crops, that the application of this element will 
become profitable. It is also quite possible that a more available form of phos- 
phate could be used to advantage on this very sandy soil. 

Altho the results show an increase of about 2 bushels of corn from the use 
of potassium salts, with ordinary prices this would not be a profitable treatment. 
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TABLE 13.—OQUAWKA FIELD: Summary or Crop YIELDS 
Average Annual Yields, 1915-1926—Bushels or (tons) per acre 


Serial : Corn |Soybeans'} Wheat |Sweetclo-| Rye Alfalfa 

plot Soil treatment ver? 

No. applied 12 crops | 12 crops | 12 crops | 8 crops | 10 crops | 9 crops 
Le '|"On s0.6 cee 20,2 ( ,99) 8.7 0.0 12.1 ( .42) 
Aa es Geet 6 «co er 25.3 (1.19) 12:0 0.0 13.7 .92) 
BA Macc ds dure eee 33.4 (1.61) 16.1 1.03 24.7 (2.37) 
AT) VLD aca ce oe eee ae 33.9 (1.56) 16.4 1.05 23.4 (2.45) 
Sy cl SR eerie tert tice cro 190 (hi) 10.7 0.0 12.7 ( .40) 
Or Ra: Rend Rear ae eat one 21.2 ( .82) 12.2 0.0 12.9 ( .45) 
(fait co betie Geant rere gk). 37.2 (1.17) eye! 1.41 24.0 (2.11) 
hte at Beceem ches i 37.0 (1.25) 15.6 1.28 24.1 (2.10) 
9 pee Asia Rete ater 39.2 (1.20) 14.9 1.49 26.0 (2.17) 
Obi O ae ra tae ene 18.6 Coy) 9.6 0.0 10.3 (.29) 

Crop INCREASES 
Noover 0) aan ene faye | ( .20) one 0.0 1.6 (250) 
ROVER Olseed te nee 135 ( 05) 125 0.0 52 ( .05) 
ML over M.......... 8.1 ( 742) 4.1 1.03 11.0 (1.45) 
FULL OVerIR ayaa ede 16.0 ( .35) 2.9 1.41 WBA) (1.66) 
MLP over ML....... 5 (—.05) 3 .02 — 1.3 ( .08) 
RUG PIOVer Heres — .2 ( .08) 5 — .13 pat (—.01) 
RLPK over RLP..... 2.2 (—.05) | — .07 ‘210k 1.9 00) 


‘Eleven regular crops, together with the extra crop described in the following footnote, aver- 
aged as 11 crops. Several crops which were harvested as seed are evaluated iu this summary as 


Saas hay evaluated as seed. In 1918 the sweet clover was killed by early cutting for a hay 
crop. Soybeans were seeded in July and the ensuing crop is included in the soybean average. 
The slight increases from the use of potassium appearing in the other crops are 
seareely significant, 

A significant fact which the above summary does not bring out is that im- 
provement under favorable treatment has been progressive as evidenced by a 
very marked upward trend in production after the first few years. For example, 
it may be noted that the yield of corn under the limestone-residues treatment 
has been 37.2 bushels an acre as an average for the 12 crops since full treatment 
started, but if we take an average of the last five crops, the yield rises to 42.9 
bushels. Likewise the wheat yield under this same treatment for the 11-year 
average is, 15.1 bushels, but the average for the last five years is 22.3 bushels. 

Experience thus far shows rye to be better adapted to this land than wheat, 
and both alfalfa and sweet clover thrive better than soybeans. With these two 
legume crops thriving so well under this simple treatment, we have promise of 
great possibilities for the profitable culture of this land, which hitherto has been 
considered as practically worthless. 


THE MANITO FIELD 
The results secured on the Manito experiment field which was located on 
Deep Peat and which was in operation during the years 1902 to 1905, inclusive, 
are presented in Table 14. 
There were ten plots receiving the treatments indicated in the table. Where 
potassium was applied, the aed was three to four times as large as where 
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Manure Manure and limestone 
Yield: Nothing Yield: 4.43 tons per acre 


Fig. 6.—ALFALFA ON THE OQUAWKA FIELD 


These pictures show the possibility of improving this unproductive sandy land of the 
Oquawka field. Both plots were seeded alike to alfalfa. Where manure alone was applied, the 
crop was a total failure, but where limestone in addition to manure was applied, nearly 414 tons 
of alfalfa hay was obtained as the season’s yield. 


nothing was applied. Where approximately equal money values of kainit and 
potassium chlorid were applied, slightly greater yields were obtained with the 
potassium chlorid, which, however, supplied about one-third more potassium than 


Taste 14.—MANITO FIELD: Derr Prat 
Annual Crop Yields—Bushels per Acre 


Plot Soil treatment Corn | Corn Soil treatment Corn | Corn 
No. 1902 1902 | 1903 1904 1904 | 1905 
I) oo) UNOS). 6. 46% Sig Dee ae ORO alee Slee NON teeta ern weiter eco ere Bs L7ON 1220 
2 IN@UGMEM MI Atne peice es ade 10.4 | 10.4 | Limestone, 4000 lbs........} 12.0 | 10.1 

Sel ekeammit OOO IDSs. cess 30.4 | 32.4 | Limestone, 4000 lbs., Kainit, 
12 00d baie. Rr Aa 49.6 | 47.3 

4 | Kainit, 600 lbs., Acidulated Kainit, 1200 lbs., Steamed 

Ione SOO IDSs ssc 6552s. ae 30.3 | 33.3 [sxorevs, COL MOS wins do ameos 53.5 | 47.6 
5 | Potassium chlorid, 200 lbs. .) 31.2 | 33.9 | Potassium chlorid, 400 lbs..| 48.5 | 52.7 
6 | Sodium chlorid, 700 lbs..... sR Tl eels NONe a ae my ctankavase.c States oe 24.0 | 22.1 
7 | Sodium chlorid, 700 lbs..... ies 4eoe le Wainity L200 MDS a asqcm a seee 44.5 | 47.3 
Sealpicammit OOO MS.) cee: BOS ous (|) keainit, OOO DSi. ceeianic ee: 44.0 | 46.0 
MOM emi ODS: se ci. ce 3s 26°4-\-26.1 | Kainit, 300 Ibs............ 41.5 | 32.9 
LOM NOM e ng ses, Lie bone AeA Ol tee ea AO) Noneky patra sneer aus 26.0 | 13.6 


1Yield not recorded for 1902. 
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the kainit. However, either material furnished more potassium than was re- 
quired by the crops produced. 


The use of 700 pounds of sodium chlorid (common salt) produced no appre- 
ciable increase over the best untreated plots, indicating that where potassium 
is itself actually deficient, salts of other elements cannot take its place. 


Applications of 2 tons per acre of ground limestone produced no increase in 
the corn crops, either when applied alone or in combination with kainit, either 
the first year or the second. 


Reducing the application of kainit from 600 to 300 pounds for each two- 
year period reduced the total yield of corn from 164.5 to 125.9 bushels. The two 
applications of 300 pounds of kainit (Plot 9) appear to be insufficient. 
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sor Mosier followed two years later. 


The Soil budeey, of Illinois was organized under the éeaaent supervision 
of Professor Cyril G: Hopkins, with Professor Jeremiah G, Mosier. directly 
in charge of soil classification and mapping. After working in association 
on this undertaking for eighteen years, Professor Hopkins died and Profes- 
The work of these two men enters so 
intimately into the whole project of the Ilinois Soil Survey that it is im- 
possible to disassociate their names from the individual county reports. — 
Therefore recognition is hereby accorded Professors Hopkins and Mosier nos 
their contribution to the work resulting in this publication. =~ 
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INTRODUCTORY NOTE 


It is a matter of common observation that soils vary tremendously in their 
productive power, depending upon their physical condition, their chemical com- 
position, and their biological activities. For any comprehensive plan of soil 
improvement looking toward the permanent maintenance of our agricultural 
lands, a definite knowledge of the various existing kinds or types of soil is a 
first essential. It is the purpose of a soil survey to classify the various kinds of 
soil of a given area in such a manner as to permit definite characterization for 
description and for mapping. With the information that such a survey affords, 
every farmer or landowner of the surveyed area has at hand the basis for a 
rational system of improvement of his land. At the same time the Experiment 
Station is furnished an inventory of the soils of the state, upon which intelli- 
gently to base plans for those fundamental investigations so necessary for solving 
the problems of practical soil improvement. 

This county soil report is one of a series reporting the results of the soil 
survey which, when completed, will cover the state of Illinois. Each county 
report is intended to be as nearly complete in itself as it is practicable to make 
it, even at the expense of some repetition. There is presented in the form of an 
Appendix a general discussion of the important principles of soil fertility, in 
order to help the farmer and landowner to understand the significance of the 
data furnished by the soil survey and to make intelligent application of the same 
in the maintenance and improvement of the land. In many eases it will be of 
advantage to study the Appendix in advance of the soil report proper. 

Data from experiment fields representing the more extensive types of soil, 
and furnishing valuable information regarding effective practices in soil man- 
agement, are embodied in the form of a Supplement. This Supplement should 
be referred to in connection with the descriptions of the respective soil types 
found in the body of the report. 

While the authors must assume the responsibility for the presentation of 
this report, it should be understood that the material for the report represents 
the contribution of a considerable number of the present and former members 
of the Agronomy Department working in their respective lines of soil mapping, 
soil analysis, and experiment field investigation. In this connection special 
recognition is due the late Professor J. G. Mosier, under whose direction the soil 
survey of Logan county was conducted, and to Mr. F. A. Fisher and Mr. O. I. 
Ellis who, as leaders of the field parties, were in direct charge of the mapping. 
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LOGAN COUNTY SOILS 


By R. 8S. SMITH, E. E. DkTURK, F. C. BAUER, anv L. H. SMITH? 


LOCATION AND CLIMATE OF LOGAN COUNTY 


Logan county is in almost the exact center of the state of Illinois. It has 
a total area of 616.43 square miles, three-quarters of which is upland. 

The climate of Logan county is typical of central Illinois. It is characterized 
by a wide range between the extremes of winter and summer and has an 
abundant, usually well-distributed rainfall. The great range in temperature 
for any one year for the sixteen-year period from 1910 to 1925, as recorded at 
the Lincoln Weather Bureau Station, was 130 degrees, in 1914. The highest 
temperature recorded was 105°, in 1918; the lowest, 29° below zero, in 1914. 
The average date of the last killing frost in spring is May 4; the earliest in the 


fall, October 18: The average length of the growing season is 162 days. 


The average annual rainfall, as recorded for this sixteen-year period at 
Lincoln, was 35.54 inches. The average rainfall by months for this period was 
as follows: January, 1.91 inches; February, 1.48; March, 3.12; April, 3.45; 
May, 4.30; June, 3.47; July, 2.95; August, 3.40; September, 3.82; October, 
2.90; November, 2.07; December, 1.99. 


AGRICULTURAL PRODUCTION 


Logan county is agricultural in its interests, over 90 percent of the land 
being suitable for farming. According to the Fourteenth Census of the United 
States there were 2,234 farms in the county in 1920, a decrease of 86 since 1910 
and 171 since 1900. About 65 percent were operated by tenants, an increase of 
about 6 percent in twenty years. 

The principal crops are those common to the corn belt, as shown by the 
following figures for the year 1919. 


Crops Acreage Production Yield per acre 
(Clini) 9 > so CER eC eens 126,220 5,191,270 bu. 41.1 bu. 
OWS: «6 2 0 CRS RCOBD COR eeebGe 56,193 1,692,878 bu. 30.1 bu. 
VWiOUG 55.6000 SOD ORoDeoe 89,448 1,852,127 bu. 20.7 bu. 
WDRGN ACY Gy Gee S18 eS COO CORIO 4,820 6,179 tons 1.28 tons 
Timothy and clover mixed.... 2,957 3,857 tons 1.30 tons 
COME? os. OS CROC Eee Oana 13,232 14,494 tons 1.09 tons 
PAT MME OR oh sions ss <0) «00 0's 018 0:16 783 2,029 tons 2.59 tons 
SPR C003 fio 5 OOS DOC DOOeE 659 6,002 tons 9.10 tons 
@orm for FOTAGe... 6.6 eee es 869 2,393 tons 2.75 tons 


These figures are for but a single year. For the ten-year period 1916 to 1925 the 
U. S. Department of Agriculture gives the average yield of corn as 40.5 bushels; 
oats, 35.0 bushels; winter wheat, 21.4 bushels; tame hay, 1.29 tons. 

The total value of all livestock and livestock products produced in 1919 was 
$5,858,500, or a little over one-third the value of crops produced that year.’ The 


+R. S. Smith, in charge of soil survey mapping; E. E. DeTurk, in charge of soil analysis; 
F. C. Bauer, in charge of experiment fields; L. H. Smith, in charge of publications. 
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following figures, taken from the 1920 Census, show the character of the live- 
stock interests in the county. 


Animals and Animal Products Number Value 
ENG T SCG AG sate ramet task sie is 5, ove ain coher dian exele pupiei tik 17,999 $1,781,591 
Males) si. oprettiettetetes slo ses kieiaie os, nine. alels Wer teler 2,342 323,669 
Beet ea tllerencwamere ristaiatia,s mre © aor orsccrs war's) to fore vain erate 8,778 548,118 
Dairy Carles teem irscsetetotare ons sjoisto sie sicio att iere-«, = vickane 13,287 894,089 
SHEED uc 2 eee tereisstatarert hele arene ta suc eiee opto eee 4,760 55,518 
Swine. 6) os gee ee allen als pial sven b/setaeiae ayeretenes 47,721 896,473 
Chickens. and. other Poultry. ia. > sieve isle als 280,562 272,718 
Chickens and\epgs produced). 555 5.< i c%masns eee | tenets 679,102 
Dairy; products: produced... kiss tie slew cieyesere aie sae ne 373,954 


' SOIL FORMATION 


GLACIATION 


One of the most important periods in the geological history of the county, 
from the standpoint of soil formation, was the Glacial period. During and imme- 
diately following this remote period, the material that later formed the mineral 
portion of the soils was being deposited. At that time snow and ice accumulated 


in the region of Labrador and to the west of Hudson Bay to such an amount that ~ 


the mass pushed outward from these centers, chiefly southward, until a region 
was reached where the ice melted as rapidly as it advanced. In moving across 
the country from the far north, the ice gathered up all sorts and sizes of material, 
including clay, silt, sand, gravel, boulders, and even immense masses of rock. 
Some of these materials were carried for hundreds of miles and rubbed against 
surface rocks and against each other until largely ground into powder. When 
the ice sheet, or glacier, reached the limit of its advance, the rock material carried 
by it accumulated along the front edge in a broad, undulating ridge or moraine. 
With rapid melting, the terminus of the glacier receded, and the material was 
deposited somewhat irregularly over the area previously covered. The mixture 
of materials deposited by the glacier is known as boulder elay, till, glacial drift, 
or simply drift. The average depth of this deposit over the state of Illinois is 
estimated at 115 feet. 

Previous to the ice invasion this region generally was not well suited to 
agriculture because of its rough and hilly character. Logan county was covered 
by the Illinoisan glaciation and in the northeast corner by the Wisconsin glacia- 
tion. The genera] effect of these glaciers was to change the surface from hilly 
to gently undulating by rubbing down the hills and filling the valleys. Several 
moraines were formed in this county. 

Altho it did not touch the county, a later ice sheet, known as the Iowan, 
played an important role in the formation of the soils. During the time when 
the melting ice front of this Iowan glacier lay to the north of the area now 
comprizing Logan county, immense volumes of water, heavily laden with fine 
sediment, flowed from the ice. This water filled the drainage channels and 
overflowed the adjacent lowlands, forming terraces. Following each flood state, 
the water would recede and the sediment which -had been deposited would be 
picked up by the wind and redeposited on the upland. 


a 
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This wind-blown deposit, known as loess, varies from 60 to 75 inches in 
thitkness over much of the county and apparently it is the material from which 
the upland soils of Logan county are formed. 


PHYSIOGRAPHY AND DRAINAGE 


The topography of Logan county is favorable to good surface drainage with 
the exception of a few areas, notably in the vicinity of Elkhart, in the region 
south of Mt. Pulaski, and between Hartsburg and Emden. Even these rela- 
tively flat-lying areas, however, are sufficiently undulating so that drainage may 
be provided without difficulty. The north corner of the county in the region 
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Fig. 1.—DRAINAGE Map or LoGAN County SHOWING STREAM COURSES, GLACIATIONS, 
AND TERRACE AND BoTtoM-LAND AREAS 
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of San Jose is rolling and has a dune-like topography. The soil map shows a 
number of morainal hills south and west of Mt. Pulaski. : 

The drainage of the county is well taken care of by Salt creek and its 
tributaries. All the drainage of the county finds its way into Sangamon river 
thru Salt creek, with the exception of a few square miles in the southwest corner, 
which drain directly into the Sangamon. The wide bottoms and terraces along 
Salt creek and its tributaries, Deer creek, Kickapoo creek, and Sugar creek, show 
that stream action was much more vigorous at one time in the history of this 
region than it is now. 

SOIL DEVELOPMENT 


During the time which has elapsed since the last ice invasion, weathering 
and other processes have been active, resulting in the formation of the soils of 
the county as we know them today. When first deposited, the general composi- 
tion of any soil material, particularly loess, is rather uniform. With the passing 
of time, however, various physical, chemical, and biological agencies of weather- 
ing form soil out of the parent material by some or all of the following processes : 
the leaching of certain elements, the accumulation of others; the chemical reduc- 
tion of certain compounds, the oxidation of others; the translocation of the 
finer soil particles, and the arrangement of them into zones or horizons; and 
the accumulation of organic matter from the growth and decay of vegetable 
material. One of the very pronounced characteristics observed in most soils is 
that they are composed of more or less distinct strata, called horizons. As ex- 
plained somewhat more fully in the Appendix, these horizons are named, from 
the surface down: A, the layer of extraction; B, the layer of concentration or 
accumulation; and C, the layer of less-altered material, or the layer in which 
weathering has had less effect. The development of horizons in a soil is an 
indication of its age. 


SOIL GROUPS 
The soils of Logan county have been divided into four groups, as follows: 


Upland Prairie Soils, dark colored and usually rich in organie matter, the 
organic matter having been derived from the decaying roots of the wild prairie 
grasses which occupied this land for thousands of years. 


Upland Timber Soils, including those zones along stream courses over which 
forests grew for a long period of time. These contain in general less organic 
matter than the prairie soils. 


Terrace Soils, including bench lands and second bottoms formed by deposits 
from flooded streams overloaded with sediment, perhaps at the time of the melt- 
ing of the glaciers, 

Swamp and Bottom Lands, which include the flood plains along the streams 
and some poorly drained muck and peat areas. The soi] map shows the Swamp 
and Bottom Lands as divided into two groups, the Old and the Late. This 
division, as made, was geological, but according to the present-day conception 
of the matter it has no significance in a soil classification; henee for the purpose 


of describing the various swamp and bottom-land types, the two groups are com- 
bined into one. 
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’ TaBLE 1.—Sort Types or Locan County, ILurNnois 
Soil Area in Area Percent 
type Name of type square in of total 
No. miles acres area 
Upland Prairie Soils (200, 400, 900) 
Sal 369.66 | 236 582 59.97 
AG a MORI TET NGOAIN., | o.5 dine aie ve ae tive vee en ; Se 
926 
oll eS 83.66 53 542 13.57 
428\ | Brown-Gray Silt Loam On Tight Clay...... 39 250 06 
928 
it [SSo carey 7S shee iid 6 0 1a ss 736 .19 
454.86 291 110 73.79 
Upland Timber Soils (200, 400, 900) 
rel 
454 ievelow=tmray Silt. LOAM.......66...60500c0s 35.91 22 982 5.83 
934 
2) 
ASO) SMOG ORT. 2... 6s eee bev eee eae 5.98 3 827 .97 
935) 
464 | Yellow-Gray Sandy Loam................. .14 90 .02 
AOR tOmmrO UY WORM, . oe c ee ee tee ce oe .39 250 06 
42.42 27 149 6.88 
Terrace Soils (1500) 
1527 | Brown Silt Loam Over Sand or Gravel...... 38.35 24 544 6.22 
1520 | Black Clay Loam Over Sand or Gravel...... 4.16 2 662 .68 
1566 | Brown Sandy Loam Over Sand or Gravel. . . 33 Pla 05 
1536 | Yellow-Gray Silt Loam Over Sand or Gravel 3.17 2 029 50 
1528 | Brown-Gray Silt Loam On Tight Clay...... 5.72 3 661 .93 
51.73 33 107 8.38 
Swamp and Bottom-Land Soils (1300, 1400)! 
ope | Deep Brown Silt Loam.................... 39.96 25 574 6.49 
fey Loam... ee. 12.00 7 680 1.95 
De ieemeC sy Team... 2... cee. 8.26 5 286 1.34 
Pe Mixed Loam... ...0(2...ceeeecceee. TAL 4 550 1.15 
67.33 43 090 10.938 
Miscellaneous 
MMO RMOTAVOU IEG: calc. dem drives rcs veers .07 45 01 
ER ICEIE. _ . -, ROR cs roe ace . 02 1B) ae Oil 
09 58 .02 
TEOENDIL, glace pins nt lM RCN EA enn 616.438 394 514 100.00 
1These 1300 and 1400 groups are differentiated on the map but not in the descriptions, as ex- 


plained on page 4. 


Table 1 gives the list of soil types in Logan county, the area of each in 
square miles and in acres, and also the percentage of the total area. 


The 
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accompanying map, shown in 2 sections, gives the location and boundary of 
each soil type which has been mapped in the county. 

For explanations concerning the classification of soils and the interpretation 
of the map and tables, the reader is referred to the first part of the Appendix. 


INVOICE OF THE ELEMENTS OF PLANT FOOD 
IN LOGAN COUNTY SOILS 


In order to obtain a knowledge of its chemical composition, each soil type 
is sampled in the manner described below and subjected to chemical analysis for 
its important plant-food elements. For this purpose samples are taken usually 
in sets of three to represent different strata in the top 40 inches of soil; namely, 
an upper stratum (0 to 634 inches), a middle stratum (6% to 20 inches), and a 
lower stratum (20 to 40 inches). 

These sampling strata correspond approximately in the common kinds of 
soil to 2 million pounds per acre of dry soil in the upper stratum, and to two 
times and three times this quantity in the middle and lower strata respectively. 
This, of course, is a purely arbitrary division of the soil section, very useful in 
arriving at a knowledge of the quantity and distribution of the elements of 
plant food in the soil; but it should be borne in mind that these strata seldom 
coincide with the natural strata as they actually exist in the soil and which are 
referred to in describing the soil types as ‘‘horizons A, B, and C.’’ By this 
system of sampling we have represented separately three zones for plant feeding. 
The upper, or surface layer, includes at least as much soil as is ordinarily turned 
with the plow, being the part with which the farm manure, limestone, phosphate, 
or other fertilizing material is incorporated. 

The chemical analysis of a soil, obtained by the methods here employed, 
gives the invoice of the total stock of the several plant-food materials actually 
present in the soil strata sampled and analyzed. It should be understood, how- 
ever, that the rate of liberation from their insoluble forms, a matter of at least 
equal importance, is governed by many factors, and therefore is not necessarily 
proportional to the total amounts present. 

For convenience in making application of the chemical analyses, the results 
as presented here have been translated from the percentage basis and are given 
in the accompanying tables in terms of pounds per acre. In this the assumption 
is made that for ordinary types a stratum of dry soil of the area of an acre and 
62 inches thick weighs 2 million pounds. It is understood, of course, that this 
value is only an approximation, but it is believed that with this understanding 
it will suffice for the purpose intended. It is a simple matter to convert these 
figures back to the percentage basis in case one desires to consider the information 
in that form. 

With respect to the presence of limestone and acidity in different strata, no 
attempt is made to include in the tabulated results figures purporting to represent 
their averages for the respective types, because of the extreme variations fre- 
quently found within a given soil type. In examining each soil type in the field, 
however, numerous qualitative tests are made which furnish general information 
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regarding the soil reaction, and in the discussion of the individual soil types 
which follows, recommendations based upon these tests are given concerning 
the lime requirement of the respective types. Such recommendations cannot be 
made specifie in all cases because local variations exist, and because the lime 
requirement may change from time to time, especially under cropping and soil 
treatment. It is often desirable, therefore, to determine the lime requirement for 
a given field, and in this connection the reader is referred to the section in the 
Appendix dealing with the application of limestone (page 29). 


THE UPPER SAMPLING STRATUM 


In Table 2 are reported the total quantities of organic carbon, nitrogen, 
phosphorus, sulfur, potassium, magnesium, and calcium in 2 million pounds of 
surface soil of each type in Logan county. 

In connection with this table attention is called to the variation among the 
soil types with respect to their content of the different plant-food elements. It 
will be seen from the analyses that variations in the organic-carbon content of 
the different soils are accompanied by similar variations in the nitrogen content. 
The organic-carbon content, which serves as a measure of the total organic matter 
present, averages ten times that of the total nitrogen in the upper sampling 
stratum. This relationship is explained by the well-established facts that all 
soil organie matter contains nitrogen, and that most of the soil nitrogen (usually 
98 percent or more) is present in a state of organie combination. This close 
relationship is also maintained in the middle and lower sampling strata, the 
ratio usually becoming narrower as the depth increases. 

The ranges in amount of organic matter and nitrogen are very wide. The 
upland prairie soils are for the most part relatively high in these constituents, 
averaging 42,080 pounds of organic carbon in an acre, while the upland timber 
soils are fairly low, with an average content of 26,090 pounds of this element. 
Black Clay Loam, Upland, contains the largest amount of organic carbon of any 
soil in the county. The amount found in this type is 69,970 pounds an acre, with 
a nitrogen content of 6,220 pounds. The lowest amounts are to be found in the 
more or less sandy types, such as Brown Sandy Loam and Yellow-Gray Sandy 
Loam which, because of their loose, open character, permit the rapid oxidation 
of the organic matter. 

Other elements are not so closely associated with each other as are organic 
matter and nitrogen. However, there is some degree of correlation between 
sulfur, another element used by growing plants, and organic carbon. This is 
because a considerable tho varying proportion of the sulfur in the soil exists in 
the organic form, that is, as a constituent of the organic matter. Most of the 
Logan county soils are fairly well supplied with sulfur, only the two sandy types 
above mentioned, and also the two terrace types, Yellow-Gray Silt Loam and 
Brown Sandy Loam, exhibiting very low values. The range in the surface soil 
is from a minimum of 340 pounds an acre in Yellow-Gray Sandy Loam to 1,120 
pounds in Black Clay Loam, Upland. The sulfur content of the soil is con- 
sistently 75 to 80 percent as high as the phosphorus in the upland soils, but only 
50 percent as high in the terrace and bottom-land soils. No explanation is 
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apparent for this variation. The sulfur available to crops is affected not only 
by the supply in the soil but also by that brought down from the atmosphere 
by rain. Sulfur dioxid escapes into the air in the gaseous products from the 
burning of all kinds of fuel, particularly coal. The gaseous sulfur dioxid is 
soluble in water and consequently it is dissolved out of the air by rain and 
brought to the earth. In regions of large coal consumption, the amount of sulfur 
thus added to the soil is large. At Urbana during the eight-year period from 
1917 to 1924 there was added to the soil by the rainfall, 3.5 pounds cf sulfur an 
acre a month as an average. Similar observations have been made in other 
localities for shorter periods. At Spring Valley, in Bureau county, the rainfall 
during six summer months in 1921 brought down 34.5 pounds of sulfur an acre, 
or an average monthly precipitation of 5.75 pounds. The maximum for a single 
month was 8.77 pounds, in June. At Toledo, in Cumberland county, from April 
to November, 1922, the average precipitation was 3 pounds an acre a month. 
The precipitation at the various points in the state in a single month has varied 
from a minimum of 84 of a pound to over 10 pounds an acre. These figures will 
afford some idea of the amounts of sulfur added by rain and also of the wide 
variation in these amounts under different conditions. 

On the whole, the above facts would indicate that the sulfur added from 
the atmosphere supplements that contained in the soil, so that there appears 
to be no need for sulfur fertilizers in Logan county. In order to determine defi- 
nitely the response of crops to applications of sulfur fertilizers, experiments with 
gypsum have been started at five experimental fields, one of which is in Logan 
county. These fields are at Raleigh, Toledo, Carthage, Hartsburg, and Dixon. 
The data from the Hartsburg experiment field are given in the Supplement of 
this Report, page 50. 

With regard to total phosphorus, the two upland sandy soils, Brown Sandy 
Loam and Yellow-Gray Sandy Loam, are very deficient, containing only 600 and 
480 pounds an acre, respectively, in the surface 2 million pounds. Yellow Silt 
Loam is but little better, with 640 pounds of this element. Since in the first two 
of these three types the phosphorus percentage is no higher in the deeper layers, 
not much could be expected in the way of continued high production on these 
soil types without phosphate fertilization. The other soils of the county range 
from 780 pounds an acre in Brown-Gray Silt Loam On Tight Clay to 1,860 
pounds in Black Clay Loam Over Sand or Gravel. The three bottom-land types 
are all rather high, containing 1,640 pounds of phosphorus per 2 million pounds 
of surface soil. 

The potassium content of the soils of Logan county is relatively uniform. 
Except for the two sandy types, Brown Sandy Loam and Yellow-Gray Sandy 
Loam, the range is from approximately 30,000 to 38,000 pounds an acre, with 
an average of 34,000 pounds. The two sandy types above mentioned contain 
only about three-fourths as much potassium as the mean of the rest of the 
county and have the additional handicap of carrying a considerable proportion 
of their potassium content in the coarse sand grains. The relatively small surface 
exposed in the case of the coarse particles greatly lowers the solubility and availa- 
bility of the potassium in sand soils. This is partly offset by the greater depth 
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of the feeding zone for crop roots in sandy soils as compared with the heavier 
types. While the Experiment Station has carried out no field experiments in 
the management of either Brown Sandy Loam or Yellow-Gray Sandy Loam, it 
would appear from the above considerations that these are the only soil types 
in Logan county which would be at all likely to respond to potassium applications 
for the production of our common field crops; and even on these types the use 
of well-planned rotations, the return of crop residues and manure, and the plow- 
ing down of sweet clover will go a long way toward maintaining an adequate 
supply of this element in the available condition for growing crops. 

The amounts of calcium and magnesium in soils usually vary greatly and 
this is the ease in the soils of Logan county. The range in calcium content in 
the upper 624 inches is from 4,740 pounds to 18,890 pounds in 2 million pounds 
of soil, while the extremes in magnesium content are even farther apart. Mag- 
nesium has never been found deficient for crop growth in the soils of Illinois, 
nor indeed in the United States. Calcium, however, in strongly acid soils may 
become available too slowly, at least for certain crops such as alfalfa and sweet 
clover. This is a defect which is corrected by liming. 


THE MIDDLE AND LOWER SAMPLING STRATA 


In Tables 3 and 4 are recorded the amounts of the plant-food elements in 
the middle and lower sampling strata. In comparing these strata with the upper 
stratum, or with each other, it is necessary to bear in mind that the data as given 
for the middle and lower sampling strata are on the basis of 4 million and 6 
million pounds of soil, and should therefore be divided by 2 and 3 respectively 
before being compared with each other or with the data for the upper stratum, 
which is on a basis of 2 million pounds. 

Considering the data in this way it will be noted in comparing the three 
strata with each other that some of the elements exhibit no consistent change in 
amount with increasing depth. This is true particularly of potassium. Others 
exhibit more or less marked variation in amount at the different levels. Further- 
more, these variations as a rule go in certain general directions, and by a careful 
study of them it is frequently possible to obtain clues as to the age or stage of 
maturity of the various soils and the nature of the processes going on in soil 
formation. 

From this point of view it will be seen in comparing the three strata with 
each other that all of the soil types diminish rather rapidly in organic matter 
and nitrogen with increasing depth, and that this diminution is very marked 
even in the middle stratum. It should be remembered that this stratum, extend- 
ing to a depth of 20 inches, includes in many eases portions of the A,, and even 
of the B horizon, or subsoil. The sulfur content decreases with increasing depth 
in nearly all cases. This is to be expected since a portion of the sulfur exists in 
combination with the soil organic matter, which is more abundant in the upper 
strata, and since inorganic forms of sulfur are not tenaciously retained by the 
soil against the leaching action of ground water. Phosphorus, on the other hand, 
is not removed from the soil by leaching. It is converted by growing plants 
into organic forms and tends to accumulate in the surface soil in these forms in 
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TABLE 2.—PxLant-Foop ELEMENTS IN THE Sorus or Locan County, ILuinots 
Upper SAMPLING StrRATUM: ABout 0 To 624 INCHES 


Average pounds per acre in 2 million pounds of soil 


Total | Total | Total Total | Total 


; : : Total Total 
type Soil type organic | nitro- | phos- potas- |magne- ; 
oO. carbon | gen phorus sulfur sium | sium calcium 
Upland Prairie Soils (200, 400, 900) 
226 
426 Brown silt Logie ess oe ae on 46 250) 4 410} 1 020} 850] 35 170} 7 980) 9 820 
926 . 
on Black Clay Loam..........:.- 69 970] 6 220] 1 460] 1 120] 31 930 12 490] 18 890 
oo Brown-Gray Silt Loam On 
Tight Glay Wo ahesie nse eee 33 340} 3 220 780 680} 29 440) 4 700) 6 860 
ea Brown Sandy Loam.......... 18 780| 2 100] 600] 440] 27 340] 4 280] 5 920 
Upland Timber Soils (200, 400, 900) 
234 ; 
434 Yellow-Gray Silt Loam........ 20 350} 2 080 860 570} 35 450} 3 890) 6 680 
934 
235 
435 Yellow: Silt: Loame sa. 2h caer 27 480} 2 200 640 500] 35 380} 4 320} 8 520 
935} 

464 Yellow-Gray Sandy Loam..... 10 260 880 480 340} 25 580; 3 040) 4 740 
419 | Brown Clay Loam............ 46 280} 3 900} 1 220] 980] 32 520} 12 240} 17 160 
Terrace Soils (1500) 

1527 Brown Silt Loam Over Sand 

or: Gravel..k. Ginko aca: 47 950} 4 850} 1 360 680] 31 600} 5 770} 10 670 
1520 | Black Clay Loam Over Sand eth 

or Gravelliia. cna eee e ere 44 720] 5 700) 1 860} 1 100) 37 340] 10 060} 18 540 
1566 Brown Sandy Loam Over Sand 

OF) CAPA OL =a tiene as 24 120} 2 110) 1 060 400} 32 250} 4 980) 7 360 
1536 | Yellow-Gray Silt Loam Over 

Sand or-Gravel.:.2 occas 58 20 460} 2 460} 900) 400} 35 380) 4 640] 5 280 
1528 | Brown-Gray Silt Loam On 

TirhtiClayeln 52. ie eis ieee 37 340] 3 960} 1 310 670} 33 840} 4 360} 7 600 

Swamp and Bottom-Land Soils (1300, 1400) 

1a30\ | Deep Brown Silt Loam........ 48 570| 5 030| 1 640} 840] 38 650] 10 560] 15 070 
1320\ | Black Clay Loam............. 54 700| 5 620| 1 640/ 00] 34 140] 9 960] 15 900 
vas Brown Clay Loam...........- 48 540| 5 500} 1 640] 780] 35 700] 10 140] 16 460 
st Mixed Loam), .sc'scuisis oa aicies|s are a0 aller « « cue [te 2S ofele | ole orders! od ee 


LIMESTONE and SOIL ACIDITY.—In connection with these tabulated data, it should be 
explained that the figures for limestone content and soil acidity are omitted not because of any 
lack of importance of these factors, but rather because of the peculiar difficulty of presenting in 
the form of numerical averages reliable information concerning the limestone requirement for a 
given soil type. A general statement, however, will be found concerning the lime requirement of 
the respective soil types in connection with the discussions which follow. 


1On account of the heterogenous character of Mixed Loam, chemical analyses are not included 
for this type. 


plant residues at the expense of the underlying strata. The second stratum 
(6% to 20 inches) furnishes a considerable proportion of the phosphorus thus 
moved upward, as is attested by the smaller amounts found by analysis in 12 of 
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TABLE 3.—PLANT-Foop ELEMENTS IN THE Sorts oF LoGan County, ILuinors 
Mippte Sampuine Stratum: Asour 624 To 20 INncHEs 


Average pounds per acre in 4 million pounds of soil 


Soil : Total | Total | Total Total Total | Total Total 
type Soil type organic | nitro- | phos- Thar potas- |magne- lei 
No. carbon | gen |phorus eh EUR sin hoe 
Upland Prairie Soils (200, 400, 900) 

226 | 
hia Brown Sut Loam............. 65 400} 6 490) 1 770} 1 310) 70 010) 19 540} 19 910 
dog} | Black Clay Loam............. 80 100] 7 550] 2 440] 1 650] 64 770| 26 890] 35 060 
ae Brown-Gray Silt Loam On 

TULA CHE A ra 22 760} 3 000) 1 200 840} 69 800} 13 560} 10 280 
city Brown Sandy Loam.......... 35 480| 3 640| 1 160] 960] 56 160| 10 160] 13 520 

Upland Timber Soils (200, 400, 900) 
a 
434 Yellow-Gray Silt Loam....... 15 020} 2 040) 1 680 760) 76 700} 14 700} 9 280 
934 
235 
435 Metow Out WORM... 5.25.55. 23 840) 2 440] 1 840 680} 71 800} 14 640} 17 240 
935 
464 | Yellow-Gray Sandy Loam..... 13 880) 1 720) 1 000} 360) 52 440) 7 000} 11 360 
419 Brown Clay Loam... ...... 0. 52 200) 4 920} 1 720] 1 280} 66 840} 24 320] 30 480 
Terrace Soils (1500) 

1527 | Brown Silt Loam Over Sand 

Sir (ORS es ee 72 950) 7 830} 2 320} 1 1380) 66 660} 14 O80} 20 750 
1520 | Black Clay Loam Over Sand 

oop CREME ee eee 68 400] 6 600} 2 960) 1 520} 67 240} 23 400} 34 880 
1566 | Brown Sandy Loam Over Sand 

ap (ESE 44 160} 4 030) 1 490 960} 61 900} 11 500} 14 360 
15386 | Yellow-Gray Silt Loam Over 

mancvor GTAVel..........0.5% 16 280] 2 160} 1 880 520] 80 720) 13 080) 18 080 
1528 | Brown-Gray Silt Loam On 

“(cher Cl En a 27 220| 3 620} 2 100 780| 71 400} 8 720} 13 860 

Swamp and Bottom-Land Soils (1300, 1400) 

tise | Deep Brown Silt Loam........ 81 500] 8 860] 2 960] 1 360] 78 700) 23 720] 29 440 
1320\ | Black Clay Loam............. 63 320| 7 520] 2 480] 840] 72 800) 18 680] 28 240 
1aie} | Brown Clay Loam............ 57 720| 6 320] 2 640] 1 240] 69 760] 22 080] 30 400 
eg ‘ Pe MRC Tht eM ae Pv naire eee eee 2,212) Ue 2x a fie clotetatclfegam a dare | tee cle oa. 4 faranete pnee 


LIMESTONE and SOIL ACIDITY.—See note in Table 2. 


10n account of the heterogeneous character of Mixed Loam, chemical analyses are not in- 
cluded for this type. 


the 15 types in the county. The analyses indicate that the lower stratum has 
_ also contributed to some extent in this upward movement of phosphorus. 

Two important basic elements, calcium and magnesium, have undergone 
some shifting in the different levels, as exhibited by analyses of upland types. 
In the surface soil the calcium content, on the whole, is much higher than that 
of magnesium, indicating a more abundant supply of calcium in the soil-forming 
materials. In the middle stratum the calcium content remains the same or 
diminishes as compared with the upper. The magnesium content, on the other 
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TaBiE 4.—PLANtT-Foop ELEMENTS IN THE SorLs or Logan County, ILLINnoIs 
Lower SAMPLING Stratum: Asout 20 To 40 IncHES 


Average pounds per acre in 6 million pounds of soil 


Soil Total | Total | Total Total | Total Total 
type Soil type organic | nitro- | phos- potas- | magne- : 
No. carbon | gen |phorus| sulfur sium |) sium calcium 
Upland Prairie Soils (200, 400, 900) 
226 
426 Brown silt (0am reer ae ae 42 830] 5 440} 2 330} 1 400/105 050) 36 870} 31 400 
926 
Oayy-| Black Clay Loam............. 46 670| 5 080| 3 170| 1 540] 97 810] 47 600] 76 510 
aah Brown-Gray Silt Loam On 
Tight Clay. tn..e.s ts eine ore 18 660) 3 120} 2 820} 1 320)103 320] 38 640) 22 920 
760\ | Brown Sandy,Loam..........| 36 420] 3 600] 1 740] 660] 84 780| 25 980) 47 700 
Upland Timber Soils (200, 400, 900) 
234° 
434} | Yellow-Gray Silt Loam........| 14 730) 2 430) 2 970 870/110 820} 34 200} 24 390 
934 
235 
435+. Yellow Silt Loam, .....%5 «+ 19 080} 2 400) 2 700 720) 95 940} 23 040} 22 020 
935 
464 Yellow-Gray Sandy Loam..... 13 140} 1 560} 1 560} 1 140) 83 280} 11 340] 16 140 
419 Brown:Clay.Loam............ 43 020) 4 080} 2 880 900/100 680} 42 600) 46 680 
Terrace Soils (1500) 
"1527 Brown Silt Loam Over Sand 
a} OniGravels shee meee 49 290} 5 430) 3 030) 1 190) 98 490) 26 900} 29 690 
1520 | Black Clay Loam Over Sand 
Or Gravelenc essence cen koe 39 420] 4 560} 3 840) 1 320/101 520} 39 240) 40 980 
1566 Brown Sandy Loam Over Sand 
OrmGravelck tae ee eee 29 250) 2 860) 1 460 840) 94 330) 17 740] 19 900 
1536 | Yellow-Gray Silt Loam Over 
Sandior Gravelue.: .er es ae 17 580) 2 880} 3 420 900117 900} 23 880} 27 120 
1528 Brown-Gray Silt Loam On 
Thehti Clay wanmenkee alae 18 570} 3 420) 3 150 780|105 600} 21 570} 22 740 
Swamp and Bottom-Land Soils (1300-1400) 
ter Deep Brown Silt Loam........ 87 660] 8 520| 3 780| 1 770/114 120] 32 700| 42 030 
ae Black Clay Loam...........-. 55 860) 6 120] 3 240] 840/100 680] 29 520| 39 900 
eo Brown Clay Loam............ 41 160| 4 740] 3 360] 1 620/108 360] 33 660] 42 360 
oe Mixed Loam! .. 04.005 ccs ecules ewe ade one ae oe el] 00% 2 0))s0 enh 


LIMESTONE and SOIL ACIDITY.—See note in Table 2. 


1On account of the heterogeneous character of Mixed Loam, chemical analyses are not in- 
cluded for this type. 


hand, increases in both the middle and lower strata. These two elements are 
unequally removed from the soil by leaching, the calcium being dissolved and 
earried downward to a greater extent than magnesium. Consequently the 
magnesium content tends to become high in the middle and lower strata, while 
the calcium content of the lower sampling strata is, on the average, little or no 
higher than the upper. This spread between these two elements in the lower 
depths is greatest in soils of extreme maturity and cannot be observed at all in 
soils so young as to show indistinct stratification. In line with this idea it would 
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appear that Logan county soils are, for the most part, in youth and middle age, 
none being in extremely advanced stages. 

Potassium, another important basie plant-food element, is present in much 
larger amounts than either calcium or magnesium, and does not exhibit any 
marked variation in amount in the different depths. Wherever any differences 
do occur, they are only slight considered in proportion to the total amounts 
present. 

It is frequently of interest to know the total supply of a plant-food element 
accessible to the growing crops. While it is not possible to obtain this informa- 
tion exactly, especially for the deeper-rooted crops, it seems probable that prac- 
tically all of the feeding range of the roots of most of our common field crops is 
included in the upper 40 inches of soil. By adding together for a given soil 
type the corresponding figures in Tables 2, 3, and 4, the total amounts of the 
respective plant-food elements to a depth of 40 inches may be ascertained. 

Examining the data in this manner the tables reveal that there is not only 
a wide diversity among the different soils with respect to a given plant-food 
element, but that there is also a great variation with respect to the relative 
abundance of the various elements within a given soil type as measured by crop 
requirements. For example, in one of the most extensive soil types in the county, 
Brown Silt Loam, Upland, we find that the total quantity of nitrogen in an 
acre to a depth of 40 inches amounts to 16,340 pounds. This is about the amount 
of nitrogen contained in the same number of bushels of corn. The amount of 
phosphorus, 5,120 pounds, contained in the same soil is equivalent to that con- 
tained in 30,100 bushels of corn, while in the same quantity of this soil there is 
present 210,230 pounds of potassium, the equivalent of that contained in more 
than one million bushels of corn. In marked contrast to this soil, Yellow-Gray 
Silt Loam, an important upland timber soil type, contains in the 40- inch stratum 
less than one-half as much nitrogen, or 6,550 pounds per acre, an amount equal 
to that in 6,550 bushels of corn. The phosphorus content of Yellow-Gray Silt 
Loam is slightly higher than that of Brown Silt Loam, namely, 5,510 pounds in 
an acre, which is equivalent to that contained in 32,400 bushels of corn. The 
potassium content is about the same as in Brown Silt Loam. 

In the ease of calcium the legumes utilize and remove from the soil much 
larger quantities than do the grain crops, and the comparisons will therefore 
be of more interest if one of these crops is used. A ton of red clover contains 
approximately 29 pounds of calcium, while 100 bushels of corn contain only about 
one pound of this element. The 61,130 pounds of calcium in the 40-inch depth 
of Brown Silt Loam, therefore, are equivalent to that in 2,100 tons of red clover 
hay, while that in Yellow-Gray Silt Loam is only two-thirds as high, namely, 
40,350 pounds, or the equivalent of 1,400 tons of the same hay. 

It is obvious from the above comparisons that the outstanding differences 
between these two important soil types, so far as chemical composition is con- 
cerned, lie in their calcium, nitrogen, and organic matter. 

These considerations are not intended to imply that it is possible to predict 
how long it might be before a certain soil would become exhausted under a given 
system of cropping. Neither do the figures necessarily indicate the immediate 
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procedure to be: followed in the improvement of a soil, for other factors enter 
into consideration, aside from merely the amount of plant-food elements present. 
Much depends upon the nature of the crops to be grown, in their utilization of 
plant-food materials, and much depends upon the availability of the plant-food 
substances. Finally, in planning the detailed procedure for the improvement of 
a soil, there enter for consideration all the economic factors involved in any 
fertilizer treatment. Such figures, do, however, furnish an inventory of the total 
stocks of the plant-food elements that can possibly be drawn upon, and in this 
way contribute fundamental information for the intelligent planning, in a broad 
way, of systems of soil management for conserving and improving the fertility 
of the land. 


.. DESCRIPTION OF SOIL TYPES 


UPLAND PRAIRIE SOILS 


The upland prairie soils of Logan county occupy 454.86 square miles, or 
nearly three-fourths of the area of the county. The dark color of the prairie 
soils is due to the accumulation of organic matter which is derived, very largely, 
from the fibrous roots of the prairie grasses. The network of grass roots which 
once covered these areas was protected from rapid and complete decay by the 
covering of fine, moist surface soil and by the mat of vegetative material formed 
by the debris of the dead leaves and stems. On the native prairies the stems 
and leaves were usually burned in part by prairie fires or disappeared in part 
by deeay. This surface accumulation, which was constantly renewed, added but 
little organic matter to the soil directly, but the decay of the prairie-grass roots 
was retarded considerably by it. 

The upland prairie soils in this county include some areas of recent timber 
growth, where certain kinds of trees have spread over the prairie, but this fores- 
tation has not been of sufficient duration to produce the characteristie timber 
soils. These areas of greater or less width are found along the border of most 
timber tracts, so that the timber actually extended a little farther than the soil 
would indicate. 


Brown Silt Loam (226, 426, 926) 


Brown Silt Loam, as it is mapped in Logan county, occupies nearly 370 
square miles, or about 60 percent of the area of the county. It varies in character 
depending on topography. Three divisions of the type as mapped are recognized 
at the present time. Each of these is described below so that it may be recognized 
in the field. 


1. Light Brown Silt Loam. This type occurs on the higher areas and on 
slopes where the surface drainage is good. The A, horizon, or surface, is about 
7 inches thick and is a light brown silt loam, frequently having a yellowish east. 
The A, horizon, or subsurface, extending to a depth of about 18 inches, is a 
yellowish brown silt loam. The B horizon, or upper subsoil, is a friable, non- 
mottled, dark reddish yellow silty clay loam. The C horizon, or lower subsoil, 
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which is found at a depth of about 36 inches, is a very friable, slightly mottled 
silt loam or fine sandy loam. 


Management.—The character of the profile of Light Brown Silt Loam, to- 
gether with its topographic position, affords perfect surface and underdrainage. 
Some care must be exercised in preventing erosion, as many of the slopes are 
steep enough to allow rapid runoff if the surface is bare. This soil is not as high 
in organic matter and nitrogen as it should be and it is usually medium acid. 
Limestone should be applied at the rate of 2 to 3 tons an acre, and clover grown 
every 3 or 4 years as a source of organic matter and nitrogen. The best informa- 
tion available on the treatment of this type comes from the Mt. Morris experi- 
ment field which is located in part on Light Brown Silt Loam. The results from 
this field show a very marked response to manure. Where limestone was applied 
in addition to manure, a further increase was secured which was sufficiently 
large to pay a good profit on the cost of the limestone. Another treatment which 
gave very good increases on this field was residues and limestone used in com- 
bination. Potash has not increased the yields on this field. Rock phosphate when 
used in addition to manure has not increased yields, and when used in addition 
to residues, the yields have been increased just about enough to pay for applying 
half a ton of rock phosphate per acre once in the rotation. For further descrip- 
tion of the Mt. Morris field, including the data, see page 40. 


2. Brown Siit Loam. This type occupies intermediate topographic posi- 
tions. It differs from the preceding type, Light Brown Silt Loam, in having a 
darker and usually thicker A, horizon, or surface, a less yellow A, horizon, or 
subsurface, and a heavier, less friable, and somewhat mottled B horizon, or upper 
subsoil. 


Management.—Brown Silt Loam is somewhat less acid than Light Brown 
Silt Loam but requires limestone to grow alfalfa or sweet clover. It was 
originally well supplied with organic matter and has been subject to but little 
loss of soil material thru erosion. The Kewanee experiment field is located, for 
the most part, on this soil type. A description of the work on this field, including 
the experimental data, will be found on page 42. Unfortunately, the Kewanee 
field has several draws crossing the plots which are a much heavier soil, so that 
the results from the field cannot be applied to Brown Silt Loam with as much 
confidence as would otherwise be the case. It is almost certainly true, however, 
that the presence of the heavier type on the Kewanee field has the effect of 
diminishing the increases due to treatment. This field shows very good results 
for manure on corn and oats, but less effect on wheat. Limestone has given 
profitable increases, particularly in the residues system. . Rock phosphate has 
inereased the yield of wheat on the manure plots by 5.5 bushels, but has had 
little or no effect on the other crops in the rotation. On the residues plots, rock 
phosphate has caused very satisfactory increases in the yield of corn, oats, and 
wheat, but has had little effect on the yield of clover hay. A comparison of 
rock and acid phosphate on the Kewanee field, which has been in progress too 
short a time to allow final conclusions, suggests that better results might be 
secured on this soil type with acid phosphate than with rock phosphate. This 
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tentative suggestion is strengthened by the results from the Bloomington field 
(see page 44), which is located in part on this soil type. Steamed bone meal 
has been used as the source of phosphorus on this field and the increases caused 
by its use have been very striking. The only concrete suggestion for the phos- 
phate fertilization of this soil type which can be made at the present time is to 
make a trial of one of the more available forms of phosphates, applying it for the 
wheat crop. 


3. Brown Silt Loam on Clay. This type occupies the nearly level or only 
gently sloping areas in the upland prairie region. It is characterized by a dark 
brown A, horizon, or surface, about 9 inches thick and a brown A, horizon, or 
subsurface, containing pale yellow spots. The B horizon, or upper subsoil, is 
usually a strongly mottled, brownish yellow, somewhat compact and plastic, 
clay loam. At a depth of 32 to 40 inches, the more friable C horizon, or lower 
subsoil, is found. 


Management.—This type is either not acid or only slightly so. The subsoil, 
while more compact and plastic than that under either of the preceding types 
discussed, drains well with tile. The Aledo experiment field is located on Brown 
Silt Loam On Clay and the results from this field may be used as a guide in the 
treatment of this soil type in Logan county. Manure has given very good 
returns. Limestone has failed to give very convincing increases and its indis- 
eriminate use could hardly be advised on this soil unless alfalfa or sweet clover 
is to be grown. Rock phosphate has not caused increases in yield on the manure 
plots but its use on the residues plots has resulted in sufficiently large increases 
to justify advising its use when manure is not available. Phosphate comparisons 
have been in progress on the Aledo field since 1916 and the reader is asked to 
turn to page 45 of the Supplement to this Report and make a study of the results 
as an aid in solving his phosphate problem on Brown Silt Loam On Clay. 


Black Clay Loam (420, 920) 


Black Clay Loam is extensively developed in Logan county, occupying all 
told nearly 84 square miles, or about 1314 percent of the total area of the 
county. The A, horizon, or surface, which is about 10 inches thick, is black clay 
loam. The A, horizon, or subsurface, is 9 or 10 inches thick. It is drabbish 
black clay loam. The B horizon, or upper subsoil, varies considerably. In some 
places it is a deep heavy gray clay, and in others, drab clay resting on very friable 
yellow fine sandy loam. The pond, or alluvial, formation of this type explains the 
subsoil variations. 


Management.—Black Clay Loam rarely needs limestone to grow sweet clover. 
Some areas of the type contain sufficient alkali to be harmful. It is a productive 
soil and needs no treatment other than fresh organic matter to help keep it in 
good physical condition. Clover should be grown every third or fourth year and 
turned under directly or as manure. The reader is asked to turn to page 50, 
where the results and discussion of the Hartsburg experiment field, which is 
located on this soil type, will be found. 4 
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Brown-Gray Silt Loam On Tight Clay (428, 928) 


Brown-Gray Silt Loam On Tight Clay, Upland, is a minor type in Logan 
county, aggregating only 250 acres. The reader is referred to page 20, where 
a description of Brown-Gray Silt Loam On Tight Clay, Terrace, will be found. 
The two types as developed in Logan county are identical except in origin. 


Brown Sandy Loam (260, 460) 


Brown Sandy Loam is a minor type in Logan county. It occurs as small 
areas in the northwestern part of the county and aggregates only 1.15 square 
miles. The dune-like topography of the region where this type occurs suggests 
its wind origin and the nearness of the sandy terrace on the west also suggests the 
same origin. The A, horizon, or- surface, to a depth of 7 or 8 inches is a light 
brown sandy loam. Below this depth the color changes gradually from yellowish 
brown to yellow and the texture becomes coarser. The areas which have been 
undisturbed by the wind for a long period of time have developed a finer texture 
and some compaction in the subsoil. 


Management.—The occurrence of this type in small areas makes it usually 
necessary to crop this soil in the same way that the adjacent land is cropped. 
It is possible, however, to provide for larger additions of leguminous organic 
matter and manure than are given to the adjacent silt loams and clay loams. 
Limestone should be applied at the rate of about 2 tons an acre, and sweet clover 
should be grown once in the rotation. The sweet clover can well be utilized by 
plowing it down in the spring of the second year for corn. No mineral fertilizer 
treatment is advised except on a trial basis. 


UPLAND TIMBER SOILS 


The upland timber soils are not extensively developed in Logan county. 
They cover only about 42 square miles, or less than 7 percent of the area of the 
county. They occur adjacent to most of the streams. They are usually char- 
acterized by a yellow or yellowish gray color, which is due to the low organic- 
matter content. This lack of organic matter has been caused by the long-con- 
tinued growth of forest trees. As the forests invaded the prairies, the following 
effects were produced: the shading of the trees prevented the growth of grasses, 
the roots of which are mainly responsible for the large amount of organic matter 
in the prairie soils; and the trees themselves added very little organic matter 
to the soil, for the leaves and branches either decayed or were destroyed by forest 
fires. The timbered soils are divided into two groups, the undulating and the 
eroded. 


Yellow-Gray Silt Loam (234, 434, 934) 


Yellow-Gray Silt Loam as shown on the soil map occurs most extensively 
in the south-central, west-central, and north-central parts of the county. It 
aggregates a total of about 36 square miles and is by far the most important 
light-colored or timber soil in the county. The A, horizon, or surface, is a 
brownish gray silt loam and varies from 6 to 8 inches in thickness. The A, 
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horizon, or subsurface, varies from 6 to 8 or 10 inches in thickness and is a 
yellowish gray or grayish brown silt loam. The B horizon, or upper sabsoil, 
varies in compactness, color, and thickness. In the rolling areas it is reddish 
brown, in the flat areas, drabbish, and on intermediate topography it is pale 
yellow with gray mottling. 


Management.—In the above description of Yellow-Gray Silt Loam no at- 
tempt was made to deseribe the different kinds of Yellow-Gray Silt Loam which 
occur in Logan county and to point out their correlation with topography. In 
planning the management of this type, however, attention should be paid to 
differences in the type, particularly with reference to the subsoil. The rolling 
areas have a pervious subsoil but because of their topography are subject to 
erosion. They should be cropped in such a way as to have a vegetative cover on 
the land as much of the time as possible. The more gentle slopes have a less 
pervious subsoil but are not subject to serious erosion if reasonable care is taken 
to control it. The flat areas have a.relatively impervious subsoil, tho not so im- 
pervious that tile will not draw. Drainage of these flat areas, however, must be 
effected in part by surface ditches and open furrows. The type as a whole is acid 
and limestone should be applied. The flat areas are usually more acid than the 
rolling ones. All phases of the type are low in nitrogen and organic matter. 
These constituents should be seeured by growing clover, preferably sweet clover, 
and plowing it down in the spring of the second year for corn. No experiment 
field data are available upon which to base fertilizer recommendations, but it is 
suggested that one or more of the phosphates be tried, particularly for the 
wheat crop. See ‘‘The Phosphorus Problem,’’ page 32. 


Yellow Silt Loam (235, 435, 935) 


Yellow Silt Loam is a minor type in Logan county because of its small total 
acreage, less than 6 square miles, and because of its relatively low agricultural 
value. The character of this type varies, depending largely on the rapidity of 
erosion. In places a shallow surface soil has been developed, while in other 
places the removal of the soil material by erosion is more rapid than the de- 
velopment of the soil horizons. 


Management.—Yellow Silt Loam should, for the most part, be used for 
permanent pasture, orchard, or timber. There are areas having a slope suffi- 
ciently gentle to be farmed successfully if care is taken to reduce erosion to the 
minimum. A very good use to make of the less steep slopes is to seed alfalfa 
after applying limestone. If the alfalfa is preceded by sweet clover, little 
difficulty should be encountered in getting a stand. 


Yellow-Gray Sandy Loam (464) 


Yellow-Gray Sandy Loam is a very minor type in Logan county, totaling 
less than a hundred acres. It may be handled in the same way as Brown Sandy 
Loam (see page 17). 
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Brown Clay Loam (419) 


Brown Clay Loam, Upland, is a shallow lake or pond formation. The 
moisture conditions during its development have been such that the organic 
matter has decayed without the formation of the black pigments; consequently 
a brown rather than a black soil has resulted. There are about 250 acres of 
Brown Clay Loam in the upland in Logan county. 

The A, horizon, or surface, is about 8 inches thick and is a brown clay 
loam. The A, horizon, or subsurface, extends to a depth of about 19 inches and 
is a drabbish brown clay loam. The B horizon, or upper subsoil, is a medium 
compact, medium plastic, brownish drab clay loam. It contains many pale 
yellow and reddish brown spots. The C horizon, or lower subsoil, is a medium 
friable, drab and pale yellow clay loam. 

Management.—This soil should be handled in the same way as Black Clay 
Loam, Upland (see page 16). -It is a productive soil and, so far as is known, 
does not contain alkali in harmful amounts. 


TERRACE SOILS 


Relatively small areas of terrace soils occur in Logan county. These soils 
were formed in remote times by overloaded and flooded streams which deposited 
an immense amount of material in the old channels. Later as the streams 
diminished in size or cut their channels deeper, new bottoms were developed, 
leaving the old flood plains above overflow, thus forming terraces. 

These terrace formations which were built up, for the most part, during and 
immediately following the Glacial period, were later covered to varying depths 
with wind-blown material from which the present soils were formed. 


Brown Silt Loam Over Sand or Gravel (1527) 


Brown Silt Loam Over Sand or Gravel is the most important terrace type 
in Logan county. It covers a little over 38 square miles and is a productive 
soil. It is very similar to Brown Silt Loam On Clay, Upland, except in origin. 
See page 16 for the description of that type and for suggestions regarding its 
management. 


Black Clay Loam Over Sand or Gravel (1520) 

Black Clay Loam Over Sand or Gravel occupies a little over 4 square miles 
in Logan county. It differs in no essential, except in origin, from Black Clay 
Loam, Upland. See page 16 for a description of that type and for suggestions 
regarding its management. © . 


Brown Sandy Loam Over Sand or Gravel (1566) 


Brown Sandy Loam Over Sand or Gravel is a minor type in Logan county, 
occupying only one-third of a square mile. It is very similar to Brown Sandy 
Loam, Upland, except in origin, and the reader is asked to turn to the discussion 
of that type, page 17. 
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Yellow-Gray Silt Loam Over Sand or Gravel (1536) 


Yellow-Gray Silt Loam Over Sand or Gravel is similar to the flat Yellow- 
Gray Silt Loam, Upland. The underlying sand or gravel is sufficiently deep not 
to cause a drouthy condition, and yet its presence improves the underdrainage. 
Limestone should be supplied and clover grown as is suggested for Yellow-Gray 
Silt Loam, Upland (page 17). 


Brown-Gray Silt Loam On Tight Clay (1528) 


Brown-Gray Silt Loam On Tight Clay, Terrace, oceurs for the most part 
along Deer creek northwest of the village of Beason. It occupies a total of 5.72 
square miles in Logan county. It is important to note the characteristics of this 
type carefully, as it resembles Brown Silt Loam, Terrace, very closely in the 
surface and is often mistaken for it. 

The A, horizon, or surface, to a depth of 8 or 9 inches is a grayish brown 
silt loam which may entirely lose its gray cast when moist. The A, horizon, or 
subsurface, is gray silt loam and extends to a depth of 18 or 20 inches. Imme- 
diately below the gray subsurface layer or horizon, the plastic, heavily mottled 
tight clay B horizon, or upper subsoil, is found. This horizon extends to a depth 
of about 36 inches and rests on a gray, more friable, C horizon. Some areas of this 
type do not correspond to the above description in that the tight elay horizon is 
much deeper because of silting in. These deeper areas, while not separated out 
on the map, are better soil because of the greater depth of the tight clay. 

Management.—Brown-Gray Silt Loam, Terrace, varies in its need for lime, 
some areas showing no acidity at all, while others need 2 to 3 tons of limestone 
an acre. Before applying limestone, each field should be tested in detail with 
the assistance of the county farm adviser or the Agricultural Experiment Station. 
Underdrainage is not effective on this type except on the areas in which the tight 
clay lies below the depth at which the tile are placed. «Surplus water must be 
removed by open furrows and ditches. Sweet clover grows well on this soil and 
improves very materially the grain crops that follow it. No fertilizer applica- 
tions, except manure, are advised for this type until the nitrogen and organic- — 
matter contents of the soil are increased by means of legumes. 


SWAMP AND BOTTOM-LAND SOILS 


This group includes the bottom lands along the creeks of the county. These 
bottoms were formed at a time when the creeks carried much more water than 
they do at the present time. Much of this land is subject to overflow. On the 
soil map, the Swamp and Bottom-Land Soils are divided into two groups but 
these groups are combined into one in the following descriptions for the reason 
“explained on page 4. 


Deep Brown Silt Loam (1326, 1426) 


Deep Brown Silt Loam is a productive soil, easily worked, and where sub- 
ject to overflow is non-acid. It is a young, immature soil, and has not developed 
distinct horizons. The surface is a brown to dark brown silt loam, frequently 
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16 or even 18 inches thick. Below this dark-colored surface, the color gradually 
assumes a drabbish cast with increasing depth. Often at a depth of 36 to 40 
inches it becomes gray, showing a high water table. 


Management.—Deep Brown Silt Loam requires no fertilizer treatment other 
than the plowing down of legumes, particularly on the non-overflow areas, and 
the use of limestone where acidity has developed. 


Black Clay Loam (1320, 1420) 


A total of 12 square miles of Black Clay Loam, Bottom, occurs in Logan 
county. It is found in situations where the rate of flow of the sediment-carrying 
current was so slow that only fine particles could be carried and deposited. The 
surface is black clay loam, averaging about 10 inches thick. The subsurface and 
subsoil are not distinctly developed because of the youth or immaturity of the 
soil. Below 10 inches the color becomes intensely drab and changes to gray or 
grayish drab at about 26 inches. 


Management.—Black Clay Loam, Bottom, is productive but rather difficult to 
work because of its fine texture. Fresh organic matter should be plowed down fre- 
quently to keep the soil in a workable condition. Limestone is usually not needed. 


Brown Clay Loam (1319, 1419) 


Brown Clay Loam, Bottom, occurs in the southern part of.the county along 
Lake fork of Salt creek. The reason for its development rather than the de- 
velopment of Black Clay Loam is not clear. The surface soil to a depth of about 
12 inches is a brown clay loam. The subsurface and subsoil horizons are not well 
defined because of the youth of the soil. The subsurface is a drabbih brown clay 
loam and extends to a depth of about 20 inches. The subsoil is a drab clay loam 
with reddish brown spots and is medium plastic and compact. No change in the 
character of the subsoil is apparent within the 40-inch section. 

Management.—Brown Clay Loam, Bottom, is a productive soil, easier to 
work than Black Clay Loam, Bottom, and for the present needs nothing more 
than the plowing down of fresh organic matter at frequent intervals, together 
with improvement in drainage. 


Mixed Loam (1354, 1454) 


Mixed Loam, Bottom, is of alluvial origin and is very diverse in character. 
It consists of distinct types occurring in such small areas that they cannot be 
shown on the map and consequently they are all grouped together and called 
Mixed Loam. The texture of the surface varies from a sandy loam to a clay 
loam. The subsurface and subsoil vary in the same way as does the surface. 
There are a little more than 7 square miles of Mixed Loam in this county. 

Management.—The diversity of Mixed Loam calls for different tillage 
methods where the extremes in the type occur. Some areas are so heavy as to 
require care in working them at the right moisture content, while others are very 
sandy. The type in general is not acid and needs only fresh organic matter and 
intelligent tillage. 


APPENDIX 
EXPLANATIONS FOR INTERPRETING THE SOIL SURVEY 


\ 


CLASSIFICATION OF SOILS 


In order to interpret the soil map intelligently, the reader must understand 
something of the method of soil classification upon which the survey is based. 
Without going far into details the following paragraphs are intended to furnish 
a brief explanation of the general plan of classification used. 

The soil type is the unit of classification. Each type has definite character- 
istics upon which its separation from other types is based. These characteristics 
are inherent in the strata, or ‘‘horizons,’’ which constitute the soil profile in all 
mature soils. Amotg them may be mentioned color, structure, texture, and 
chemical composition. Other items, such as native vegetation (whether timber 
or prairie), topography, and geological origin and formation, may assist in the 
differentiation of types, altho they are not fundamental to it. 

Since some of the terms used in designating the factors which are taken into 
account in establishing soil types are technical in nature, the following definitions 
are introduced: 


Horizon. A layer or stratum of soil which differs discernibly from those adjacent in 
color, texture, structure, chemical composition, or a combination of these characteristics, is 
called an horizon. In describing a matured soil, three horizons designated as A, B, and C 
are ey considered. 

A designates the upper horizon and, as developed under the conditions of a 5 tnd, tem- 
perate climate, represents the layer of extraction or eluviation; that is to say, material in 
solution or in suspension has passed out of this zone thru the processes of weathering. 

B represents the layer of concentration or illuviation; that is, the layer developed as a 
result of the accumulation of material thru the downward movement of water from the A 
horizon. 

C designates the layer lying below the B horizon and in which the material has been less 
affected by the weathering processes. 

Frequently differences within a stratum or zone.are discernible, in which ease it is 
subdivided and described under such designations as A,, and A,, B,, and B,, ete. 

Soil Profile. The soil section as a whole is spoken of as the soil profile. 

Depth and Thickness. The horizons or layers which make up the soil profile vary in 
depth and thickness. These variations are distinguishing features in the separation of soils 
into types. 

Physical Composition. The physical composition, sometimes referred to as ‘‘texture,’’ 
is a most important feature in characterizing a soil. The texture depends upon the relative 
proportions of the following physical constituents: clay, silt, fine sand, sand, gravel, stones, 
and organic material. 

Structure. The term ‘‘structure’’ has reference to the aggregation of particles within 
the soil mass and carries such qualifying terms as open, granular, compact, columnar, 
laminated. 

Organic-Matter Content. The organic matter of soil is derived largely from plant tissue 
and it exists in a more or less advanced stage of decomposition. Organic matter forms the 
predominating constituent in certain soils of swampy formation. 

Color. Color is determined to a large extent by the proportion of organic matter, but 
at the same time it is modified by the mineral constituents, especially by iron compounds. 

Reaction. The term ‘‘reaction’’ refers to the chemical state of the soil with respect 
to acid or alkaline condition. It also involves the idea of degree, as strongly acid or strongly 
alkaline. 

Carbonate Content. The carbonate content has reference to the calcium carbonate 
(limestone) present, which in some cases may be associated with magnesium or other car- 
bonates. The depth at which carbonates are found may become a very important factor 
in determining the soil type. “ 


Topography. Topography has reference to the lay of the land, as level, rolling, hilly, ete. 
22 
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Native Vegetation. The vegetation or plant growth before being disturbed by man, as 
prairie grasses and forest trees, is a feature frequently recognized in differentiating soil types. 


Geological Origin. Geological origin involves the idea of character of rock materials 
composing the soil as well as the method of formation of the soil material. 

Not infrequently areas are encountered in which type characters are not 
distinetly developed or in which they show considerable variation. When these 
variations are considered to have sufficient significance, type separations are made 
whenever the areas involved are sufficiently large. Because of the almost infinite 
variability occurring in soils, one of the exacting tasks of the soil surveyor is to 
determine the degree of variation which is allowable for any given type. 


Classifying Soil Types.—In the system of classification used, the types fall 
first into four general groups based upon their geological relationships; namely, 
upland, terrace, swamp and bottom land, and residual. These groups may be 
subdivided into prairie soils and timber soils, altho as a matter of fact this sub- 
division is applied in the main only to the upland group. These terms are all 
explained in the foregoing part of this report in connection with the description 
of the particular soil types. 


Naming and Numbering Soil Types.—In the Illinois soil survey a system of 
nomenclature is used which is intended to make the type name convey some idea 
of the nature of the soil. Thus the name ‘‘Yellow-Gray Silt Loam’’ carries in 
itself a more or less definite description of the type. It should not be assumed, 
however, that this system of nomenclature makes it possible to devise type names 
which are adequately descriptive, because the profile of mature soils is usually 
made up of three or more horizons and it is impossible to describe each horizon 
in the type name. The color and texture of the surface soil are usually included 
in the type name and when material such as sand, gravel, or rock lies at a depth 
of less than 30 inches, the fact is indicated by the word ‘‘On,’’ and when its depth 
exceeds 30 inches, by the word ‘‘Over’’; for example, Brown Silt Loam On 
Gravel, and Brown Silt Loam Over Gravel, 

As a further step in systematizing the listing of the soils of Illinois, recog- 
nition is given to the location of the types with respect to the geological areas 
in which they occur. According to a geological survey made many years ago, 
the state has been divided into seventeen areas with respect to geological forma- 
tion and, for the purposes of the soil survey, each of these areas has been assigned 
an index number. The names of the areas together with their general location 
and their corresponding index numbers are given in the following list. 


000 Residual, soils formed in place thru disintegration of rocks, and also rock outcrop 
100 Unglaciated, including three areas, the largest being in the south end of the state 
200 Ilinoisan moraines, including the moraines of the Illinoisan glaciations 
300 Lower Illinoisan glaciation, formerly considered as covering nearly the south third of the 
state 
400 Middle Illinoisan glaciation, covering about a dozen counties in the west-central part of 
the state 
500 Upper Illinotsan glaciation, covering about fourteen counties northwest of the middle 
Tlinoisan glaciation 
600 Pre-Iowan glaciation, but now believed to be part of the upper Illinoisan 
700 Iowan glaciation, lying in the central northern end of the state 
800 Deep loess areas, including a zone a few miles wide along the Wabash, Illinois, and 
Mississippi rivers 
900 Early Wisconsin moraines, including the moraines of the early Wisconsin glaciation 
1000 Late Wisconsin moraines, including the moraines of the late Wisconsin glaciation 
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1100 Karly Wisconsin glaciation, covering the greater part of the northeast quarter of the 
state 

1200 Late Wisconsin glaciation, lying in the northeast corner of the state 

1300 Old river-bottom and swamp lands, formed by material derived from the Illinoisan or 
older glaciations 

1400 Late rwer-bottom and swamp lands, formed by material derived from the Wisconsin and 
Towan glaciations 

1500 Terraces, bench or second bottom lands, and gravel outwash plains 

1600 Lacustrine deposits, formed by Lake Chicago, the enlarged glacial Lake Michigan 


Further information regarding these geological areas is given in connection 
with the general map mentioned above and published in Bulletin 123 (1908). 

Another set of index numbers is assigned to the classes of soils as based 
upon physical composition. The following list contains the names of these classes 
with their corresponding index numbers. 


Index Number Limits Class Names 
Rien A Ate At scic ms OO ks ky dhe do ay stio OA Peats 

AKIRA oye EA ren eetercey INT COLTS Opie OC. an Peaty loams 
ES*t0 P14, ere ors piste cise loka se alomtenens ste eet trae Mucks 

US EO 9. fevarecatw suet oiloker siete to, aloha ohetarmtete tan aie ratsienay Clays 

ZO WTO IZA Kovels nave Sietele ate are el eteloin Satere rere miartele Clay loams 

25» LO £9: ai 5. isiej9 vistas oleate skeepo eer emake stele eter Silt loams 
ONTO OD rorch cianctapertbteiats fe a tetelel sie erualave ere nme ate Loams 

BOLTON TO ss sits. ass; leieiciaietuiels  avotertavetere ciate eens Sandy loams 
BO tO MBO che co aie lorare ote sew atel ee co aim caettorerate as Sands 

DO REO! DE ie sieracaio ee eole ot eiete «se foie e patel sietaiote! siete Gravelly loams 
DI TEOLD Tie ere eieustele ie ere afeds arc loeviart «aks ousloteetatter = Gravels 

OSU alae 5 tre s/sinie nes inlets eed to are wit hs nar nee Stony loams 
QO ris wis/nle olblavevels avalos icra ess siiela nieieteyetententene Rock outerop 


As a convenient means of designating types and their location with respect 
to the geological areas of the state, each type is given a number made up of a 
combination of the index numbers explained above. This number indicates the 
type and the geological area in which it occurs. The geological area is always 
indicated by the digits of the order of hundreds while the balance of the number 
designates the type. To illustrate: the number 1126 means Brown Silt Loam 
in the early Wisconsin glaciation, 434 means Yellow-Gray Silt Loam of the middle 
Illinoisan glaciation. These numbers are especially useful in designating very 
small areas on the map and as a check in reading the colors. 

A complete list of the soil types occurring in each county, along with their 
corresponding type numbers and the area covered by each type, will be found 
in the respective county soil reports in connection with the maps. 


SOIL SURVEY METHODS 


Mapping of Soil Types—In conducting the soil survey, the county consti- 
tutes the unit of working area. The field work is done by parties of two to four 
men each. The field season extends from early in April to Thanksgiving. Dur- 
ing the winter months the men are engaged in preparing a copy of the soil map 
to be sent to the lithographer, a copy for the use of the county farm adviser until 
the printed map is available, and a third copy for use in the office in order to 
preserve the original official map in good condition. 

An accurate base map for field use is necessary for dil mapping. These 
maps are prepared on a scale of one inch to the mile, the official data of the 
original or subsequent land survey being used as the basis in their construction. 
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Each surveyor is provided with one of these base maps, which he earries with 
him in the field; and the soil type boundaries, together with the streams, roads, 
railroads, canals, town sites, and rock and gravel quarries are placed in their 
proper location upon the map while the mapper is on the area. With the rapid 
development of road improvement during the past few years, it is almost in- 
evitable that some recently established roads will not appear on the published 
soil map. Similarly, changes in other artificial features will occasionally occur 
in the interim between the preparation of the map and its publication. The 
detail or minimum size of areas which are shown on the map varies somewhat, 
but in general a soil type if less than five acres in extent is not shown. 

A soil auger is carried by each man with which he can examine the soil to 
a depth of 40 inches. An extension for making the auger 80 inches long is taken 
by each party, so that the deeper subsoil may be studied. Each man earries a 
compass to aid in keeping directions. Distances along roads are measured by 
a speedometer or other measuring device, while distances in the field away a 
the roads are measured by pacing. 

Sampling for Analysis.—After all the soil types of a county have been located 
and mapped, samples representative of the different types are collected for 
chemical analysis. The samples for this purpose are usually taken in three 
depths; namely, 0 to 624 inches, 625 to 20 inches, and 20 to 40 inches, as explained 
in connection with the discussion of the analytical data on page 6. 


PRINCIPLES OF SOIL FERTILITY 


Probably no agricultural fact is more generally known by farmers and land- 
owners than that soils differ in productive power. A fact of equal importance, 
not so generally recognized, is that they also differ in other characteristics such 
as response to fertilizer treatment and to management. 

The soil is a dynamic, ever-changing, exceedingly complex substance made 
up of organic and inorganic materials and teeming with life in the form of 
microorganisms. Because of these characteristics, the soil cannot be considered 
as a reservoir into which a given quantity of an element or elements of plant 
food can be poured with the assurance that it will respond with a given increase 
in erop yield. In a similay manner it cannot be expected to respond with per- 
fect uniformity to a given set of management standards.’ To be productive a soil 
must be in such condition physically with respect to structure and moisture as 
to encourage root development; and in such condition chemically that injurious 
substances are not present in harmful amounts, that a sufficient supply of the 
elements of plant food become available or usable during the growing season, 
and that lime materials are present in sufficient abundance favorable for the 
growth of the higher plants and of the beneficial microorganisms. Good soil 
management under humid conditions involves the adoption of those tillage, crop- 
ping, and fertilizer treatment methods which will result in profitable and per- 
manent crop production on the soil type concerned. 

The following paragraphs are intended to state in a brief way some of the 
principles of soil management and treatment which are fundamental to profitable 
and continued productivity. 
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CROP REQUIREMENTS WITH RESPECT TO PLANT-FOOD MATERIALS 


Ten of the chemical elements are known to be essential for the growth of 
the higher plants. These are carbon, hydrogen, oxygen, mitrogen, phosphorus, 
sulfur, potassium, calcium, magnesium, and iron. Other elements are absorbed 
from the soil by growing plants, including manganese, silicon, sodium, aluminum, 
chlorin, and boron. It is probable that these latter elements are present in 
plants for the most part, not ‘because they are required, but because they are 
dissolved in the soil water and the plant has no means of preventing their 
entrance. There is some evidence, however, which indicates that certain of these 
elements, notably manganese, silicon, and boron, may be either essential but 
required in only minute quantities, or very beneficial to plant growth under 
certain conditions, even tho not essential. Thus, for example, manganese has . 
produced marked increases in crop yields on heavily limed soils. Sodium also 
has been found capable of partially replacing potassium in ease of a shortage 
of the latter element. 


TABLE 5.—PLANT-Foop ELEMENTS IN ComMMON FARM Crops! 


Produce € 
: Phos- Potas- | Magne- : 
aes er Nitrogen phorus Sulfur sien siti Calecium| Iron 
lbs. lbs. lbs. lbs. lbs. lbs. lbs. 
Wheat, grain...... 1 bu. 1.42 .24 .10 . 26 .08 .02 .O1 
Wheat straw...... 1 ton 10.00 1.60 2.80 | 18.00 1.60 3.80 . 60 
Corn, eral 1 bu. 1.00 si ir * .08 .19 .07 .O1 .O1 
Corn stover....... 1 ton 16.00 2.00 2.42 17.33 3.33 7.00 1.60 
Corn’ cobsiz.aseeen |e) Lacon. ALOOM |" 2 Ret ieee 4.00 | won. 3 )| See eee 
Oats prainge.. | ele DUE . 66 ai O60 Fe - 21.6 . 04 .02 .O1 
Oatistrawsa.42-.2-)| ton 12.40 2.00 4.14 | 20.80 2.80 6.00 ed 
Clover seed....... 1 bu. lines sO OR ere -09 «25 Laas. 
Clover hay........| 1ton 40.00 5.00 3.28 | 30.00 7.75 | 29.25 1.00 
Soybean seed......| 1 bu. 3.22 .39 2d 1.26 15 bl i tes ee 
Soybean hay...... 1 ton 43.40 4.74 5.18 | 35.48 | 13.84 |) 2755Gs| ieee. 
Alfalfa hay........| 1 ton 52.08 4.76 5.96 | 16.64 8.0012 922.268 eee 


1These data are brought together from various sources. Some allowance must be made for 
the exactness of the figures because samples representing the same kind of crop or the same kind 
of material frequently exhibit considerable variation. 


Table 5 shows the requirements of some of our most common field crops with 
respect to seven important plant-food elements furnished by the soil. The 
figures show the weight in pounds of the various elements contained in a bushel 
or in a ton, as the case may be. From these data the amount of an element re- 
moved from an acre of land by a crop of a given yield can easily be computed. 


PLANT-FOOD SUPPLY 


Of the elements of plant food, three (carbon, oxygen, and hydrogen) are 
secured from air and water, and the others from the soil. Nitrogen, one of the 
elements obtained from the soil by all plants, may also be secured from the air 
by the class of plants known as legumes, in case the amount liberated from the 
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TaBLE 6.—PuaNnt-Foop ELEMENTS IN MANURE, Rovucu Freps, AND FEertTiuizers! 


Pounds of plant food per ton 


Material of material 
Nitrogen Phosphorus Potassium 
Bers ue ATIUITC cry) sc cs) <ce 6s ca sicje ve cess cms 10 2 8 
(Chet LPWE so SMtes Gg Me eee 16 2 17 
OPIS EEDA, ©... cacy BL 6 ORCI EE ae 12 Z 21 
VERO SIDR 3 G6 dee ee 10 2 18 
CLONE LAD oo SIE RR 40 5 30 
(ROVE RED: LIST <5 (ys Rae RRR ne ee 43 5 oe 
ANAS IDIS7 0S SO eee 50 4 24 
Sweet clover (water-free basis)?................. 80 8 28 
LOTR UNG ie eee 250) Say | eae rece Se Virb, oor 
ORIN MEEMEPSTOME Co. Givls cect ace eas eck ae ee ses SLO tert. ce Sse > We nee 
PACMVNGTIEPEOESUEABON. 5. cic ss cecs.c aces we o's oem ds AO Ge |e real ay FO) CR Ree 
Iasi, OUD DIGS A Ge 80 TSO as) y an eee 
DPCMIMIOMOERDICR C6 ccc. ccc c titles cas cslv eden s 20 2507" (25 |b ew ereens 
RUA WREOMESMEOOE DATONG sc taka Se ecce cee en| 9 aac 250" | Pee 
JAMETG! (NTI. 9 5 kl are P25 ee *” |) «pce 
PH EP CPOE TES cc cls crs cee ceaiereece| fb stents | asians 850 
ce EMER TO MMAR nk didn cag cacocigentit Sees oo fo hater 850 
SECC oct cas cv tieaiaxigewal « eaete in | wwe 200 
WOGREMEMOSNUEMICAGHEM).,...:..-scaccceraneces| cues 10 100 


1See footnote to Table 5. 
*Young second-year growth ready to plow under as green Manure. 
3Wood ashes also contain about 1,000 pounds of lime (calcium carbonate) per ton. 


soil is insufficient; but even these plants, which include only the clovers, peas, 
beans, and veteches among our common agricultural plants, are dependent upon 
the soil for the other six elements (phosphorus, potassium, magnesium, calcium, 
iron, and sulfur), and they also utilize the soil nitrogen so far as it becomes 
soluble and available during their period of growth. 

The vast difference with respect to the supply of these essential plant-food 
elements in different soils is well brought out in the data of the Illinois soil 
survey. For example, it has been found that the nitrogen in the surface 624 
inches, which represents the plowed stratum, varies in amount from 180 pounds 
per acre to more than 35,000 pounds. In like manner the phosphorus content 
varies from about 320 to 4,900 pounds, and the potassium ranges from 1,530 to 
about 58,000 pounds. Similar variations are found in all of the other essential 
plant-food elements of the soil. 

With these facts in mind it is easy to understand how a deficiency of one 
of these elements of plant food may become a limiting factor of crop production. 
When an element becomes so reduced in quantity as to become a limiting factor 
of production, then we must look for some outside source of supply. Table 6 
is presented for the purpose of furnishing information regarding the quantity 
of some of the more important plant-food elements contained in materials most 
commonly used as sources of supply. 


28 Som Report No. 39: APPENDIX 


LIBERATION OF PLANT FOOD 


The chemical analysis of the soil gives the invoice of plant-food elements 
actually present in the soil strata sampled and analyzed, but the rate of libera- 
tion is governed by many factors, some of which may be controlled by the farmer, 
while others are largely beyond his control. Chief among the important con- 
trollable factors which influence the liberation of plant food are the choice of 
crops to be grown, the use of limestone, and the incorporation of organic matter. 
Tillage, especially plowing, also has a considerable effect in this connection. 


Feeding Power of Plants.—Different species of plants exhibit a very great 
diversity in their ability to obtain plant food directly from the insoluble minerals 
of the soil. As a class, the legumes—especially such biennial and perennial 
legumes as red clover, sweet clover, and alfalfa—are endowed with unusual 
power to assimilate from mineral sources such elements as calcium and phos- 
phorus, converting them into available forms for the crops that follow. For this 
reason it is especially advantageous to employ such legumes in connection with 
the application of limestone and rock phosphate. Thru their growth and subse- 
quent decay large quantities of the mineral elements are liberated for the benefit 
of the cereal crops which follow in the rotation. Moreover, as an effect of the 
deep-rooting habit of these legumes, mineral plant-food elements are brought up 
and rendered available from the vast reservoirs of the lower subsoil. 

Effect of Limestone.—Limestone corrects the acidity of the soil and supplies 
calcium, thus encouraging the development not only of the nitrogen-gathering 
bacteria which live in the nodules on the roots of clover, cowpeas, and other 
legumes, but also the nitrifying bacteria, which have power to transform the 
unavailable organic nitrogen into available nitrate nitrogen. At the same time, 
the products of this decomposition have power to dissolve the minerals contained 
in the soil, such as potassium and magnesium compounds. 

Organic Matter and Biological Action—Organie matter may be supplied 
thru animal manures, consisting of the excreta of animals and usually accom- 
panied by more or less stable litter; and by plant manures, including green- 
manure crops and cover crops plowed under, and also crop residues such as stalks, 
straw, and chaff. The rate of decay of organic matter depends largely upon its 
age, condition, and origin, and it may be hastened by tillage. The chemical 
analysis shows correctly the total organic carbon, which constitutes, as a rule, 
but little more than half the organic matter; so that 20,000 pounds of organic 
carbon in the plowed soil of an acre corresponds to nearly 20 tons of organic 
matter. But this organie matter consists largely of the old organic residues that 
have accumulated during the past centuries because they were resistant to decay, 
and 2 tons of clover or cowpeas plowed under may have greater power to liberate 
plant-food materials than 20 tons of old, inactive organic matter. The history of 
the individual farm or field must be depended upon for information concerning 
recent additions of active organic matter, whether in applications of farm manure, 
in legume crops, or in sods of old pastures. 

The condition of the organic matter of the soil is indicated to some extent 
by the ratio of carbon to nitrogen. Fresh organic matter recently incorporated 
with the soil contains a very much higher proportion of carbon to nitrogen than 
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do the old resistant organic residues of the soil. The proportion of carbon to 
nitrogen is higher in the surface soil than in the corresponding subsoil, and in 
general this ratio is wider in highly productive soils well charged with active 
organic matter than in very old, worn soils badly in need of active organic matter. 

The organic matter furnishes food for bacteria, and as it decays certain 
decomposition products are formed, including much earbonie acid, some nitrous 
acid, and various organic acids, and these acting upon the soil have the power to 
dissolve the essential mineral plant foods, thus furnishing available phosphates, 
nitrates, and other salts of potassium, magnesium, ealcium, etc., for the use of 
the growing crop. 

Effect of Tillage—Tillage, or cultivation, also hastens the liberation of plant- 
food elements by permitting the air to enter the soil. It should be remembered, 
however, that tillage is wholly destructive, in that it adds nothing whatever to 
the soil, but always leaves it poorer, so far as plant-food materials are concerned. 
Tillage should be practiced so far as is necessary to prepare a suitable seed bed 
for root development and also for the purpose of killing weeds, but more than 
this is unnecessary and unprofitable; and it is much better actually to enrich 
the soil by proper applications of limestone, organic matter, and other fertilizing 
materials, and thus promote soil conditions favorable for vigorous plant growth, 
than to depend upon excessive cultivation to accomplish the same object at the 
expense of the soil. 


PERMANENT SOIL IMPROVEMENT 


According to the kind of soil involved, any comprehensive plan contemplat- 
ing a permanent system of agriculture will need to take into account some of the 
following considerations. 


The Application of Limestone 


The Function of Limestone.—In considering the application of limestone 
to land it should be understood that this material functions in several different 
ways, and that a beneficial result may therefore be attributable to quite diverse 
causes. Limestone provides calcium, of which certain crops are strong feeders. 
It corrects acidity of the soil, thus making for some crops a much more favorable 
environment as well as establishing conditions absolutely required for some of 
the beneficial legume bacteria. It accelerates nitrification and nitrogen fixation. 
It promotes sanitation of the soil by inhibiting the growth of certain fungous 
diseases, such as corn-root rot. Experience indicates that it modifies either 
directly or indirectly the physical structure of fine-textured soils, frequently to 
their great improvement. Thus, working in one or more of these different ways, 
limestone often becomes the key to the improvement of worn lands. 


How to Ascertain the Need for Limestone.—One of the most reliable indica- - 
tions as to whether a soil needs limestone is the character of the growth of certain 
legumes, particularly sweet clover and alfalfa. These crops do not thrive in 
acid soils. Their successful growth, therefore, indicates the lack of sufficient 
acidity in the soil to be harmful. In case of their failure to grow the soil should 
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be tested for acidity as described below. A very valuable test for ascertaining 
the need of a soil for limestone is found in the potassium thiocyanate test for soil 
acidity. It is desirable to make the test for carbonates along with the acidity 
test. Limestone is calcium carbonate, while dolomite is the combined carbonates 
of caleium and magnesium. The natural occurrence of these carbonates in the 
soil is sufficient assurance that no limestone is needed, and the acidity test will 
be negative. On lands which have been treated with limestone, however, the 
surface soil may give a positive test for carbonates, owing to the presence of 
undecomposed pieces of limestone, and at the same time a positive test for acidity 
may be secured. Such a result means either that insufficient limestone has been 
added to neutralize the acidity, or that it has not been in the soil long enough 
to entirely correct the acidity. In making these tests, it is desirable to examine © 
samples of soil from different depths, since carbonates may be present, even in 
abundance, below a surface stratum that is acid. Following are the directions 
for making the tests: 


The Potassium Thiocyanate Test for Acidity. This test is made with a 4-percent solu- 
tion of potassium thiocyanate in aleohol—4 grams of potassium thiocyanate in 100 cubic 
centimeters of 95-percent alcohol.t When a small quantity of soil shaken up in a test tube 
with this solution gives a red color the soil is acid and limestone should be applied. If the 
solution remains colorless the soil is not acid. An excess of water interferes with the reac- 
tion. The sample when tested, therefore, should be at least as dry as when the soil is in 
good tillable condition. For a prompt reaction the temperature of the soil and solution 
should be not lower than that of comfortable working conditions (60° to 75° Fahrenheit). 


The Hydrochloric Acid Test for Carbonates. Take a small representative sample of 
soil and pour upon it a few drops of hydrochlorie (muriatic) acid, prepared by diluting the 
concentrated acid with an equal volume of water. The presence of limestone or some other 
carbonates will be shown by the appearance of gas bubbles within 2 or 3 minutes, producing 
foaming or effervescence. The absence of carbonates in a soil is not in itself evidence that 
the soil is acid or that limestone should be applied, but it indicates that the confirmatory 
potassium thiocyanate test should be carried out. 


Amounts to Apply—aAcid soils should be treated with limestone whenever 
such application is at all practicable. The initial application varies with the 
degree of acidity and will usually range from 2 to 6 tons an acre. The larger 
amounts will be needed on strongly acid soils, particularly on land being pre- 
pared for alfalfa. When sufficient limestone has been used to establish condi- 
tions favorable to the growth of legumes, no further applications are necessary 
until the acidity again develops to such an extent as to interfere with the best 
growth of these crops. This will ordinarily be at intervals of several years. In 
the case of an inadequate supply of magnesium in the soil, the occasional use of 
magnesian (dolomitic) limestone would serve to correct this deficiency. Other- 
wise, so far as present knowledge indicates, either form of limestone—high- 
calcium or magnesian—will be equally effective, depending upon the purity and 
fineness of the respective stones. 


Fineness of Material—tThe fineness to which limestone is ground is an im- 
portant consideration in its use for soil improvement. Experiments indicate that 
a considerable range in this regard is permissible. Very fine grinding insures 


*Since undenatured alcohol is difficult to obtain, some of the denatured alcohols have been 
tested for making this solution. Completely denatured alcohol made over U. S. Formulas No. 


1 and No. 4, have been found satisfactory. Some commercial firms are also offering other 
preparations which are satisfactory. 
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ready solubility, and thus promptness in action; but the finer the grinding the 
greater is the expense involved. A grinding, therefore, that furnishes not too 
large a proportion of coarser particles along with the finer, similar to that of the 
by-product material on the market, is to be recommended. Altho the exact pro- 
portions of coarse and fine material cannot be prescribed, it may be said that a 
limestone erushed so that the coarsest fragments will pass thru a screen of 4 to 10 
meshes to the inch is satisfactory if the total product is used. 


The Nitrogen Problem 


Nitrogen presents the greatest practical soil problem in American agricul- 
ture. Four important reasons for this are: its increasing deficiency in most 
soils; its cost when purchased on the open market; its removal in large amounts 
by crops; and its loss from soils thru leaching. Nitrogen usually costs from four 
to five times as much per pound as phosphorus. A 100-bushel crop of corn re- 
quires 150 pounds of nitrogen for its growth, but only 23 pounds of phosphorus. 
The loss of nitrogen from soils may vary from a few pounds to over one hundred 
pounds per acre, depending upon the treatment of the soil, the distribution of 
rainfall, and the protection afforded by growing crops. 

An inexhaustible supply of nitrogen is present in the air. Above each acre 
of the earth’s surface there are about sixty-nine million pounds of atmospheric 
nitrogen. The nitrogen above one square mile weighs twenty million tons, an 
amount sufficient to supply the entire world for four or five decades. This large 
supply of nitrogen in the air is the one to which the world must eventually turn. 

There are two methods of collecting the inert nitrogen gas of the air and 
combining it into compounds that will furnish products for plant growth. These 
are the chemical and the biological fixation of the atmospheric nitrogen. Farmers 
have at their command one of these methods. By growing inoculated legumes, 
nitrogen may be obtained from the air, and by plowing under more than the roots 
of these legumes, nitrogen may be added to the soil. 

Inasmuch as legumes are worth growing for purposes other than the fixation 
of atmospheric nitrogen, a considerable portion of the nitrogen thus gained may 
be considered a by-product. Because of that fact, it is questionable whether the 
chemical fixation of nitrogen will ever be able to replace the simple method of 
obtaining atmospheric nitrogen by growing inoculated legumes in the production 
of our great grain and forage crops. 

It may well be kept in mind that the following amounts of nitrogen are re- 
quired for the produce named: 


bushel of oats (grain and straw) requires 1 pound of nitrogen. 

bushel of corn (grain and stalks) requires 114 pounds of nitrogen. 

bushel of wheat (grain and straw) requires 2 pounds of nitrogen. 

ton of timothy contains 24 pounds of nitrogen. 

ton of clover contains 40 pounds of nitrogen. 

ton of cowpea hay contains 43 pounds of nitrogen. 

ton of alfalfa contains 50 pounds of nitrogen. 

ton of average manure contains 10 pounds of nitrogen. 

ton of young sweet clover, at about the stage of growth when it is plowed under as 
green manure, contains, on water-free basis, 80 pounds of nitrogen. 


BPH Hee eee 


The roots of clover contain about half as much nitrogen as the tops, and the 
roots of cowpeas contain about one-tenth as much as the tops. Soils of mod- 
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erate productive power will furnish as much nitrogen to clover (and two or three 
times as much to cowpeas) as will be left in the roots and stubble. In grain 
crops, such as wheat, corn, and oats, about two-thirds of the nitrogen is con- 
tained in the grain and one-third in the straw or stalks. 


The Phosphorus Problem 


The element phosphorus'is an indispensable constituent of every living cell. 
It is intimately connected with the life processes of both plants and animals, the 
nuclear material of the cells being especially rich in this element. 

The phosphorus content of the soil is dependent upon the origin of the soil. 
The removal of phosphorus by continuous cropping slowly reduces the amount 
of this element in the soil available for crop use, unless its addition is provided 
for by natural means, such as overflow, or by agricultural practices, such as the 
addition of phosphatic fertilizers and rotations in which deep-rooting, leguminous 
crops are frequently grown. 

It should be borne in mind in connection with the application of phosphate, 
or of any other fertilizing material, to the soil, that no benefit can result until 
the need for it has become a limiting factor in plant growth. For example, if 
there is already present in the soil sufficient available phosphorus to produce a 
forty-bushel crop, and the nitrogen supply or the moisture supply is sufficient 
for only forty bushels, or less, then extra phosphorus added to the soil cannot 
increase the yield beyond this forty-bushel limit. 

There are several different materials containing phosphorus anich are 
applied to land as fertilizer. The more important of these are bone meal, acid 
phosphate, natural raw rock phosphate, and basic slag. Obviously that carrier 
of phosphorus which gives the most economical returns, as considered from all 
standpoints, is the most suitable one to use. Altho this matter has been the 
subject of much discussion and investigation the question still remains unsettled. 
Probably there is no single carrier of phosphorus that will prove to be the most 
economical one to use under all circumstances because so much depends upon 
soil conditions, crops grown, length of haul, and market conditions. 

Bone meal, prepared from the bones of animals, appears on the market in 
two different forms, raw and steamed. Raw bone meal contains, besides the 
phosphorus, a considerable percentage of nitrogen which adds a useless expense 
if the material is purchased only for the sake of the phosphorus. As a source of 
phosphorus, steamed bone meal is preferable to raw bone meal. Steamed bone 
meal is prepared by extracting most of the nitrogeneous and fatty matter from 
the bones, thus producing a more nearly pure form of calcium phosphate con- 
taining about 10 to 12 percent of the element phosphorus. 

Acid phosphate is produced by treating rock phosphate with sulfurie acid. 
The two are mixed in about equal amounts; the product therefore contains about 
one-half as much phosphorus as the rock phosphate itself. Besides phosphorus, 
acid phosphate also contains sulfur, which is likewise an element of plant food. 
The phosphorus in acid phosphate is more readily available for absorption by 
plants than that of raw rock phosphate. Acid phosphate of good Bes should 
contain 6 percent or more of the element phosphorus. 
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Rock phosphate, sometimes called floats, is a mineral substance found in 
vast deposits in certain regions. The phosphorus in this mineral exists chemically 
as tri-caleium phosphate, and a good grade of the rock should contain 12144 
percent, or more, of the element phosphorus. The rock should be ground to a 
powder, fine enough to pass thru a 100-mesh sieve, or even finer. 

The relative cheapness of raw rock phosphate, as compared with the treated 
or acidulated material, makes it possible to apply for equal money expenditure 
considerably more phosphorus per acre in this form than in the form of acid 
phosphate, the ratio being, under the market conditions of the past several years, 
about 4 to 1. That is to say, under these market conditions, a dollar will pur- 
chase about four times as much of the element phosphorus in the form of rock 
phosphate as in the form of acid phosphate, which is an important consideration 
if one is interested in building up-a phosphorus reserve in the soil. As explained 
above, more very carefully conducted comparisons on various soil types under 
various cropping systems are needed before definite statements can be given as 
to which form of phosphate is most economical to use under any given set of 
conditions, 

Basic slag, known also as Thomas phosphate, is another carrier of phos- 
phorus that might be mentioned becayse of its considerable usage in Europe 
and eastern United States. Basic slag phosphate is a by-product in the manu- 
facture of steel. It contains a considerable proportion of basic material and 
therefore it tends to influence the soil reaction. 

Rock phosphate may be applied at any time during a rotation, but it is 
applied to the best advantage either preceding a crop of clover, which plant 
seems to possess an unusual power for assimilating the phosphorus from raw 
phosphate, or else at a time when it can be plowed under with some form of 
organic matter such as animal manure or green manure, the decay of which 
serves to liberate the phosphorus from its insoluble condition in the rock. It is 
important that the finely ground rock phosphate be intimately mixed with the 
organic material as it is plowed under. 

In using acid phosphate or bone meal in a cropping system which includes 
wheat, it is a common practice to apply the material in the preparation of the 
wheat ground. It may be advantageous, however, to divide the total amount 
to be used and apply a portion to the other crops of the rotation, particularly 
to corn and to clover. 


The Potassium Problem 


Our most common scils, which are silt loams and clay loams, are well stocked 
with potassium, altho it exists largely in a slowly soluble form. Such soils as 
sands and peats, however, are likely to be low in this element. On such soils this 
deficiency may be remedied by the application of some potassium salt, such as 
potassium sulfate, potassium chlorid, kainit, or other potassium compound, and in 
many instances this is done at great profit. 

From all the facts at hand it seems, so far as our great areas of common 
soils are concerned, that, with a few exceptions, the potassium problem is not 
one of addition but of liberation. The Rothamsted records, which represent the 
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oldest soil experiment fields in the world, show that for many years other soluble 
salts have had practically the same power as potassium salts to increase crop 
yields in the absence of sufficient decaying organic matter. Whether this action 
relates to supplying or liberating potassium for its own sake, or to the power 
of the soluble salt to inerease the availability of phosphorus or other elements, 
is not known, but where much potassium is removed, as in the entire crops at 
Rothamsted, with no return of organic residues, probably the soluble salt func- 
tions in both ways. 

Further evidence on this matter is furnished by the Illinois experiment field 
at Fairfield, where potassium sulfate has been compared with kainit both with 
and without the addition of organic matter in the form of stable manure. Both 
sulfate and kainit produced a substantial increase in the yield of corn, but the 
cheaper salt—kainit—was just as effective as the potassium sulfate, and returned 
some financial profit. Manure alone gave an increase similar to that produced 
by the potassium salts, but the salts added to the manure gave very little increase 
over that produced by the manure alone. This is explained in part, perhaps, by 
the fact that the potassium removed in the crops is mostly returned in manure 
properly cared for, and perhaps in larger part by the fact that decaying organic 
matter helps to liberate and hold in solution other plant-food elements, especially 
phosphorus. 

In laboratory experiments at the Illinois Experiment Station, it has been 
shown that potassium salts and most other soluble salts increase the solubility of 
the phosphorus in soil and in rock phosphate; also that the addition of glucose 
with rock phosphate in pot-culture experiments increases the availability of the 
phosphorus, as measured by plant growth, altho the glucose consists only of car- 
bon, hydrogen, and oxygen, and thus contains no limiting element of plant food. 

In considering the conservation of potassium on the farm it should be re- 
membered that in average livestock farming the animals destroy two-thirds of 
the organic matter and retain one-fourth of the nitrogen and phosphorus from 
the food they consume, but that they retain less than one-tenth of the potassium; 
so that the actual loss of potassium in the products sold from the farm, either 
in grain farming or in livestock farming, is negligible on land containing 25,000 
pounds or more of potassium in the surface 624 inches. 


The Calcium and Magnesium Problem 


When measured by crop removals of the plant-food elements, calcium is 
often more limited in Illinois soils than is potassium, while magnesium may be 
occasionally. In the case of calcium, however, the deficiency is likely to develop 
more rapidly and become much more marked because this element is leached 
out of the soil in drainage water to a far greater extent than is either magnesium 
or potassium. 

The annual loss of limestone from the soil depends, of course, upon a num- 
ber of factors aside from those which have to do with climatic conditions. Among 
these factors may be mentioned the character of the soil, the kind of limestone, 
its condition of fineness, the amount present, and the sort of farming practiced. 
Because of this variation in the loss of lime materials from the soil, it is impossible 


. 
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to prescribe a fixed practice in their renewal that will apply universally. The 
tests for acidity and carbonates described above, together with the behavior of 
such lime-loving legumes as alfalfa and sweet clover, will serve as general 
indicators for the frequency of applying limestone and the amount to use on a 
given field. 

Limestone has a direct value on some soils for the plant food which it 
supplies, in addition to its value in correcting soil acidity and in improving the 
physical condition of the soil. Ordinary limestone (abundant in the southern 
and western parts of Illinois) contains nearly 800 pounds of calcium per ton; 
while a good grade of dolomitic limestone (the more common limestone of north- 
ern Illinois) contains about 400 pounds of calcium and 300 pounds of magnesium 
per ton. Both of these elements are furnished in readily available form in 
ground dolomitic limestone. 


The Sulfur Question 


In considering the relation of sulfur in a permanent system of soil fertility 
it is important to understand something of the cycle of transformations that this 
element undergoes in nature. Briefly stated this is as follows: 

Sulfur exists in the soil in both organic and inorganic forms, the former 
being gradually converted to the latter form thru bacterial action. In this 
inorganic form sulfur is taken up by plants which in their physiological processes 
change it once more into an organic form as a constituent of protein. When 
these plant proteins are consumed by animals, the sulfur becomes a part of the 
animal protein. When these plant and animal proteins are decomposed, either 
thru bacterial action, or thru combustion, as in the burning of coal, the sulfur 
passes into the atmosphere or into the soil solution in the form of sulfur dioxid 
gas. This gas unites with oxygen and water to form sulfurie acid, which is 
readily washed back into the soil by the rain, thus completing the cycle, from 
soil—to plants and animals—to air—to soil. 

In this way sulfur becomes largely a self-renewing element of the soil, altho 
there is a considerable loss from the soil by leaching. Observations taken at the 
Illinois Agricultural Experiment Station show that 40 pounds of sulfur per acre 
are brought into the soil thru the annual rainfall. With a fair stock of sulfur, 
such as exists in our common types of soil, and with an annual return, which of 
itself would more than suffice for the needs of maximum crops, the maintenance 
of an adequate sulfur supply presents little reason at present for serious concern. 
There are regions, however, where the natural stock of sulfur in the soil is not 
nearly so high and where the amount returned thru rainfall is small. Under such 
circumstances sulfur soon becomes a limiting element of crop production, and it 
will be necessary sooner or later to introduce this substance from some outside 
source. Investigation is now under way to determine to what extent this situation 
may apply under Illinois conditions. 


Physical Improvement of Soils 


In the management of most soil types, one very important matter, aside from 
proper fertilization, tillage, and drainage, is to keep the soil in good physical 
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condition, or good tilth. The constituent most important for this purpose is 
organic matter. Organic matter in producing good tilth helps to control washing 
of soil on rolling land, raises the temperature of drained soil, increases the 
moisture-holding capacity of the soil, slightly retards capillary rise and conse- 
quently loss of moisture by surface evaporation, and helps to overcome the 
tendency of some soils to run together badly. 

The physical effect of organic matter is to produce a granulation or mellow- 
ness, by cementing the fine soil particles into crumbs or grains about as large as 
grains of sand, which produces a condition very favorable for tillage, percolation 
of rainfall, and the development of plant roots. 

Organic matter is undergoing destruction during a large part of the year 
and the nitrates produced in its decomposition are used for plant growth. Altho 
this decomposition is necessary, it nevertheless reduces the amount of organic 
matter, and provision must therefore be made for maintaining the supply. The 
practical way to do this is to turn under the farm manure, straw, cornstalks, 
weeds, and all or part of the legumes produced on the farm. The amount of 
legumes needed depends upon the character of the soil. There are farms, espe- 
cially grain farms, in nearly every community where all legumes could be turned 
under for several years to good advantage. 

Manure should be spread upon the land as soon as possible after it is pro- 
duced, for if it is allowed to lie in the barnyard several months as is so often the 
case, from one-third to two-thirds of the organic matter will be lost. 

Straw and cornstalks should be turned under, and not burned. There is 
considerable evidence indicating that on some soils undecomposed straw applied 
in excessive amount may be detrimental. Probably the best practice is to apply 
the straw as a constituent of well-rotted stable manure. Perhaps no form of 
organic matter acts more beneficially in producing good tilth than cornstalks. It 
is true, they decay rather slowly, but it is also true that their durabiJity in the 
soil is exactly what is needed in the production of good tilth. Furthermore, the 
nitrogen in a ton of cornstalks is one and one-half times that of a ton of manure, 
and a ton of dry cornstalks incorporated in the soil will ultimately furnish as 
much humus as four tons of average farm manure. When burned, however, both 
the humus-making material and the nitrogen are lost to the soil. 

It is a common practice in the corn belt to pasture the cornstalks during 
the winter and often rather late in the spring after the frost is out of the ground. 
This trampling by stock sometimes puts the soil in bad condition for working. 
It becomes partially puddled and will be cloddy as a result. If tramped too late 
in the spring, the natural agencies of freezing and thawing and wetting and 
drying, with the aid of ordinary tillage, fail to produce good tilth before the 
crop is planted. Whether the crop be corn or oats, it necessarily suffers and if 
the season is dry, much damage may be done. If the field is put in corn, a poor 
stand is likely to result, and if put in oats, the soil is so compact as to be un- 
favorable for their growth. Sometimes the soil is worked when too wet. This 
also produces a partial puddling which is unfavorable to physical, chemical, and 
biological processes. The effect becomes worse if cropping has reduced the organic 
matter below the amount necessary to maintain good tilth. : 
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Systems of Crop Rotations 


In a program of permanent soil improvement one should adopt at the outset 
a good rotation of crops, including, for the reasons discussed above, a liberal 
use of legumes. No one can say in advance for every particular case what will 
prove to be the best rotation of crops, because of variation in farms and farmers 
and in prices for produce. As a general principle the shorter rotations, with 
the frequent introduction of leguminous crops, are the better adapted for building 
up poor soils. 

Following are a few suggested rotations which may serve as models or out- 
lines to be modified according to special circumstances. 


Six-Year Rotations 


First year —Corn 

Second year—Corn 

Third year —Wheat or oats (with clover, or clover and grass) 
Fourth year—Clover, or clover and grass 

Fifth year —Wheat (with clover), or grass and clover 

Siath year —Clover, or clover and grass 


In grain farming, with small grain grown the third and fifth years, most 
of the unsalable products should be returned to the soil, and the clover may be 
clipped and left on the land or returned after threshing out the seed; or. in 
livestock farming, the field may be used three years for timothy and clover 
pasture and meadow if desired. The system may be reduced to a five-year rota- 
tion by cutting out either the second or the sixth year, and to a four-year system 
by omitting the fifth and sixth years, as indicated below. 

The two following rotations are suggested as especially adapted for com- 
bating the corn borer: 


First year —Corn First year —Corn 

Second year —Soybeans Second year —Soybeans 

Third year —Small grain (with legume) Third year —Small grain (with legume) 
Fourth year —Legume Fourth year —Legume 

Fifth year —Corn (for silage) Fifth year —Wheat (with, alfalfa) 


Siath year —Wheat (with sweet clover) Siath year —Alfalfa 


Five-Year Rotations 
First year —Corn 
Second year—Wheat or oats (with clover, or clover and grass) 
Third year —Clover, or clover and grass 
Fourth year—Wheat (with clover), or clover and grass 
Fifth year —Clover, or clover and grass 


First year —Corn 

Second year —Soybeans 

Third year —Corn 

Fourth year—Wheat (with legume) 
Fifth year —Legume 


First year —Corn 

Second year—Cowpeas or soybeans 
Third year —Wheat (with clover) 
Fourth year—Clover 

Fifth year —Wheat (with clover) 
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The last rotation mentioned above allows legumes to be grown four times. 
Alfalfa may be grown on a sixth field rotating over all fields if moved every 
six years. 


Four-Year Rotations 


First year —Corn First year —Corn é 

Second year —Wheat or oats (with clover) Second year —Corn 

Third year —Clover Third year Wheat or oats (with clover) 
Fourth year —Wheat (with clover) Fourth year —Clover 

First year —Corn First year —Wheat (with clover) 
Second year —Cowpeas or soybeans Second year —Clover 

Third year —Wheat (with clover) Third year —Corn 

Fourth year —Clover Fourth year —Oats (with clover) 


Alfalfa may be grown on a fifth field for four or eight years, which is to be 
alternated with one of the four; or the alfalfa may be moved every five years, 
and thus rotated over all five fields every twenty-five years. 


Three-Year Rotations 


First year —Corn First year —Wheat or oats (with clover) 
Second year —Oats or wheat (with clover) Second year —Corn 
Third year —Clover Third year —Cowpeas or soybeans 


By allowing the clover, in the last rotation mentioned, to grow in the spring 
before preparing the land for corn, we have provided a system in which legumes 
grow on every acre every year. This is likewise true of the following suggested 
two-year system: 


Two-Year Rotations 


First year —Oats or wheat (with sweet clover) 
Second year —Corn 


Altho in this two-year rotation either oats or wheat is suggested, as a matter 
of fact, by dividing the land devoted to small grain, both of these crops ean be 
grown simultaneously, thus providing a three-crop system in a two-year cycle. 

It should be understood that in all of the above suggested cropping systems 
it may be desirable in some cases to substitute barley or rye for the wheat or 
oats. Or, in some eases, it may become desirable to divide the acreage of small 
grain and grow in the same year more than one kind. In all of these proposed 
rotations the word clover is used in a general sense to designate either red clover, 
alsike clover, or sweet clover, or it may include alfalfa used as a biennial. The 
mixing of alfalfa with clover seed for a legume crop is a recommendable prac- 
tice. The value of sweet clover, especially as a green manure for building up 
depleted soils, as well as a pasture and hay-crop, is becoming thoroly established, 
and its importance in a crop-rotation program may well be emphasized. 


——— 


SUPPLEMENT: EXPERIMENT FIELD DATA 


(Results from Experiment Fields on Soi Types Similar to those Occurring in 
Logan County) 


The University of Illinois has operated altogether about fifty soil experi- 
ment fields in different sections of the state and on various types of soil. Altho 
some of these fields have been discontinued, the large majority are still in 
operation. It is the present purpose to report the results from certain of these 
fields located on types of soil described in the accompanying soil report. 

A few general explanations at this point, which apply to all the fields, will 
relieve the necessity of numerous repetitions in the following pages. 


Size and Arrangement of Fields 


The soil experiment fields vary in size from less than two acres up to 40 
acres or more. They are laid off into series of plots, the plots commonly being 
either one-fifth or one-tenth aere in area. Each series is occupied by one kind 
of crop. Usually there are several series so that a crop rotation can be carried on 
with every crop represented every year. 


’ Farming Systems 


On many of the fields the treatment provides for two distinct systems of 
farming, livestock farming and grain farming. 

In the livéstock system stable manure is used to furnish organie matter 
and nitrogen. The amount applied to a plot is based upon the amount that can 
be produced from crops raised on that plot. 

In the grain system no animal manure is used. The organic matter and 
nitrogen are applied in the form of plant manures, including the plant residues 
produced, such as cornstalks, straw from wheat, oats, clover, ete., along with 
leguminous catch crops plowed under. It was the plan in this latter system to 
remove from the land, in the main, only the grain and seed produced, except in 
the ease of alfalfa, that crop being harvested for hay the same as in the livestock 
system. Some modifications have been introduced in recent years. 


Crop Rotations 


Crops which are of interest in the respective localities are grown in definite 
rotations. The most common rotation used is wheat, corn, oats, and clover; and 
often these crops are accompanied by alfalfa growing on a fifth series. In the 
grain system a legume catch crop, usually sweet clover, is included, which is 
seeded on the young wheat in the spring and plowed under in the fall or in the 
following spring in preparation for corn. If the red clover crop fails, soybeans 
are substituted, 


Soil Treatment 


The treatment applied to the plots has, for the most part, been standardized 
according to a rather definite system, altho deviations from this system occur now 
and then, particularly in the older fields. 
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Following is a brief explanation of this standard system of treatment. 

Animal Manures.—Animal manures, consisting of excreta from animals, 
with stable litter, are spread upon the respective plots in amounts proportionate 
to previous crop yields, the applications being made in the preparation for corn. 
‘rop residues produced on the land, such as stalks, straw, 
and chaff, are returned to the soil, and in addition a green-manure crop of sweet 
clover is seeded in small erain to be plowed under in preparation for corn. (On 
plots where limestone is lacking the sweet clover seldom survives.) This practice 
is designated as the residues system. 


Mineral Manuwres.—The yearly aecre-rates of application iisve been: for 
limestone, 1,000 pounds; for raw rock phosphate, 500 pounds; and for potas- 
sium, usually 200, pounds of kainit. When kainit was not available, owing to 
conditions brought on by the World war, potassium carbonate was used. The 
initial application of limestone has usually been 4 tons per acre. 


Explanation of Symbols Used 


0 = Untreated land or check plots 

M = Manure (animal) 

R = Residues (from crops, and includes legumes used as green manure) 

L = Limestone 

P = Phosphorus, in the form of rock phosphate unless otherwise designated 
(aP = acid phosphate, bP —bonemeal, rP — rock phosphate, sP = slag 
phosphate) 

K = Potassium (usually in the form of kainit) 

N = Nitrogen (usually in the form contained in dried blood) 

Le — Legume used as green manure 

Cv = Cover crop 

() = Parentheses enclosing figures, signifying tons of hay, as distingaiahied from 


bushels of seed 
Heavy vertical rule, indicating the beginning of complete treatment 
Double vertical rule, indicating a radical change in the cropping system 


II I 


In discussions of this sort of data, financial profits or losses based upon 
assigned market values are frequently considered. However, in view of the 
erratic fluctuations in market values—especially in the past few years—it seems 
futile to attempt to set any prices for this purpose that are at all satisfactory. 
The yields are therefore presented with the thought that with these figures at 
hand the financial returns from a given practice can readily be computed upon 
the basis of any set of market values that the reader may choose to apply. 


THE MT. MORRIS FIELD 


The Mt. Morris experiment field lies mainly on the soil type Light Brown 
Silt Loam. This field is located in about the center of Ogle county immediately 
south of the town of Mt. Morris. The experiments on the major series of plots 
have been under way since 1910. 

The somewhat standard rotation and soil treatment methods deseribed above 
were established on Series 100, 200, 300, and 400. In 1920 a clover hay crop, 
as well as the seed crop, was harvested from the residues plots. Beginning with 
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1921 all clover was removed as hay and the return of the oat straw discontinued. 
In 1922 the return of the wheat straw was discontinued, as well as the applica- 
tions of limestone until such time as its need should become apparent. In 1923 
the rock phosphate applications were evened up to 4 tons an acre and no more 
will-be applied for an indefinite period. A summary of the results is given in 
Table 7. 


TasLe 7.—MT. MORRIS FIELD: Summary or Crop YIe.tps 
Average Annual Yields 1913-1926—Bushels or (tons) per acre 


Serial Corn Oats Wheat Clover! | Soybeans 

plot Soil treatment applied 

No. 14. crops 14 crops 12 crops 10 crops 2 crops 
iP SO)... 45.3 58.5 23.3 (1.96) (1.56) 
2 lao > Jah ere 59.5 67.4 28.1 (2.53) (1.70) 
Gp MILE S52 SS an ae 64.4 70.5 34.4 (2.97) (1.80) 
ALUM ete gs ely se a's ss 64.3 71.5 35.9 (2.92) (1.92) 
Gy ALL eee 44.6 54.9 23.5 (1.61) 13.5 
6 IS. 08.06 6.4 OO ee 51.2 59.4 25.8 (Lada) 16.0 
if ey Lt Sc, ol Ao Core ee 62.2 68.8 32.7 (2.24) 18.9 
gg) AR 2 65.6 70.2 36.2 (2.23) 20.7 
Ci) LS ol. ee 67.2 70.4 36.3 (2.24) 20.0 
10 (O56 0 ca eee 43.6 52.4 24.6 (1.79) (1.68) 


Crop Increases 


1! ONEGIO (US ete 14.2 8.9 4.8 @257) ( .14) 
ih ae 6.6 4.5 2.3 (16) 2.5 
| 
PVBPMONOEOND. cas. cee ajiye 0 -6.s 4.9 aoa 6.3 ( .44 (9310) 
ie lnewer Rises. tks es a 2s 11.0 9.4 6.9 ( .47) 2.9 
Wie rover MIG. 2c... eee — .l 1.0 1 as —( .05) Goat) 
RLP OVET NL 4 Pts. toes 3.4 1.4 3.0 —( .01) 1.8 
RLPK over RLP.......... 1.6 2 + Coty Aaa 


1Some clover seed evaluated as hay. 


The outstanding results from these records are those produced by the manure 
treatment. Over 14 bushels of corn, nearly 9 bushels of oats, 4.8 bushels of wheat, — 
and a half ton of clover hay have been the average annual acre increases in crop 
yields from the manure plots over the corresponding checks. Residues alone have 
also produced increases in the crop yields altho the effect is much less pronounced 
than that of manure alone. 

Limestone has been profitably used in both the manure and residues sys- 
tems but the benefit has been greater in the residues system. ° 

The rock phosphate, as usual, has been somewhat more effective used with 
residues than with manure, but under present market conditions it has thus far 
not returned its cost, even with residues. However, as noted above, applications 
of phosphate have been suspended and the residual effect of the accumulated 
phosphorus in the soil during the years to come will be awaited with interest. 

No significant effect is apparent from potassium as used in these experiments. 
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Fig. 2.—CorN ON THE Mt. Morris FIELD 


The two pictures represent the extremes in corn production according to soil treatment. 
Where the untreated land has produced as a fourteen-year average 44.6 bushels an acre, the 
land under the residues, limestone, phosphate, potash treatment has yielded 67.2 bushels. The 
most profitable treatment on this field, however, has been that of residues and limestone, which 
has produced 62.2 bushels an acre. 


THE KEWANEE FIELD 


The Kewanee field represents in the main the soil type Brown Silt Loam, 
altho a draw traversing the field in a winding direction contains a narrow streak 
of a heavier type designated as Black Clay Loam On Drab Clay. The Kewanee 
field has been in operation since 1915. The crops grown on the main series of 
plots are wheat, corn, oats, and clover. The arrangement of plots as well as the 
systems of soil treatment are indicated in Table 8. 

The table gives a summary of the crop yields by annual averages, including 
the years since the complete soil treatments have been in effect. In the lower 
part of the table the comparisons expressed as crop increases resulting from the 
respective soil treatments bring out the following points of interest. 

Animal manure used alone has had a very beneficial effect, especially with 
corn, oats, and clover. Residues alone has had little effect on crop yields. 

Limestone used in addition to organic manures has effected more or less 
improvement in all cases except where used with animal manure on the clover. 

Phosphorus, as usual, shows up to advantage on the wheat crop, and in the 
residues system the rock phosphate has produced a profitable return. A fact 
which these general averages fail to show is that with both limestone and phos- 
phate the effects have been more favorable in recent years than in the earlier 
years of the experiments. 

Altho an increase of 3.3 bushels of corn appears as a result of potassium 
application, in view of the insignificant response by the other crops the pur- 
chase of potassium fertilizer for use in this kind of a cropping system on this 
kind of soil would appear not to be profitable. 


a 
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TABLE 8.—KEWANEE FIELD: Summary or Crop YIELDS 
Average Annual Yields 1917-1926—Bushels or (tons) per acre 


Serial Wheat Corn Oats Clover 
plot Soil treatment applied 

No. 8 crops 10 crops 10 crops 9 crops 

1 REN 225 5 5. py 0k cansips ace whe ye “Piey'ons 30.2 54.4 58.8 (1.65) 

2 IM)... 2 ae Se 33.0 64.9 69.5 (2.26) 

MMI IURPEMEU OEE Sei c io fies ela slv ea ceeu’ 35.9 68.8 (Pasa (2.26) 

4 |) MEAP. be on Oe 40.6 69.7 70.8 (2.33) 

BD on oo aes SU Oe 31.4 55.8 59.6 (1.55) 

6 EON ig nec gals vevaie'e eee 33.0 57.9 58.0 (1.59) 

i I ss oe coy abd veiw bse s 35.1 66.1 62.2 (1.84) 

8 ILL... aS ea 40.6 4Oo 67.6 (2.01) 

9 JGLS EO. oe ky Se 40.6 73.4 69.3 (2.08) 

We oes eee 29.7 ula) 55.3 (1.53) 

Crop Increases 

IM (UC 2.8 10.5 10.7 ( .61) 

Te Oh) 0). eas A ee iG Ds — 1.6 ( .04) 

EL. a7@i Ge 2.9 3.9 2.6 ( .00) 

Linc b; Gee 18). oi Daa | 8.2 4.2 (325) 

(LAS? OE? 0 4.7 me) = 1.3 (207) 

Llu? ONS 10) Or Dao 4.0 5.4 (aan 7} 

ERIIOVED RUE ccs ase beeen es 0.0 Bae tere G07) 


The Phosphate Experiments 


In addition to the above described experiments on the Kewanee field, there 
are four shorter series of plots numbered 500, 600, 700, and 800, each series 
having four plots. Alfalfa was grown on these series until 1922, when a rotation 
of wheat, corn, oats, and clover was started. Limestone had been applied to this 
land at the beginning. The quantity was 4 tons an acre and a similar dressing 
was applied in 1919. Rock phosphate was applied to Plots 1 and 3 at the annual 
rate of 400 pounds an acre, once in the rotation ahead of the wheat. Acid phos- 
phate was used on Plots 2 and 4 at the annual rate of 200 pounds an acre, it 
being applied twice in the rotation, one-half in preparation for wheat, and one- 
half before oats seeding. 

Table 9 gives a summary of the results obtained to date in terms of average 
annual crop yields and also the corresponding values of the crops figured at 
average farm prices for the years in which these crops were produced. The rela- 
tive profits, of course, will depend upon the market prices of the rock phosphate 


TaBLe 9.—KEWANEE FIELD, Series 500, 600, 700, 800: PHospHare ExprERIMENT 
Average Annual Acre Yields and Corresponding Money Values, 1922-1926 


Wheat Corn Oats Hay Value 

Soil treatment per 

5 crops 5 crops 5 crops 5 crops acre 

RO EKEPMOSPHALCH 6 aucue js ome ss ae 44.5 74.4 74.6 3.46 $45.63 
ACIOAPNOSPWALE MMe ns ve oe ss 47.3 73.2 Uo 3.39 46.30 
Lime, rock phosphate.............. 40.5 71.8 73.0 3.32 43.33 
Lime, acid phosphate.............. 48.1 (xual Pool 3.40 46.32 
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and acid phosphate. Acid phosphate usually costs about twice as much, ton for 
ton, as rock phosphate, and in these experiments one-half as much acid phos- 
phate as rock phosphate was used. If, then, it is considered that equal costs are 
involved, acid phosphate would appear to have been somewhat more profitable . 
than rock phosphate, especially when used with limestone and disregarding any 
value for the extra amount of the element phosphorus added to the soil in the 
use of rock phosphate. It should be borne in mind that a change of market 
prices, either of materials or of produce, might easily alter these results even to 
the extent of reversing them. 


THE BLOOMINGTON FIELD 


The experiments on the Bloomington field are of interest in connection with 
the management of Brown Silt Loam. This field is located in McLean county, 
northeast of the city of Bloomington. The work was started in 1902. Altho a 
fairly long period of years has been covered in these experiments, the field has 
only a single series of plots, so that only one kind of crop is represented each 
season. The crops employed have been corn, corn, oats, clover, and wheat; and, 
since 1905, they have been grown in the sequence named. 

On account of irregularities in the land, results from Plots 1 and 10 are 
not considered altogether reliable, and therefore, are not included in the figures 
presented. Since these are the only unlimed plots, no conclusions can be drawn 
regarding the action of limestone on this field. 

Commercial nitrogen applied in the form of dried blood was used in the 
early years up to 1905, when crop residues and clover were substituted. The 
phosphorus on this field has been applied in the form of steamed bone meal 
and at the rate of 200 pounds an acre a year. 

Table 10 presents a summary of the work by annual average yields.. The 
comparisons in the lower part of the table show the effect of the different plant- 
food materials in the various combinations in which they have been applied. 

The residues treatment, supplying organie matter and nitrogen, shows a 
beneficial effect on the grain crops, but not on the clover. The outstanding 
feature of the results on the Bloomington field is the effect of phosphorus applied 
in the form of steamed bone meal. In all of the grain crops on every plot where 
bone meal has been applied there is a remarkable response to the treatment as 
shown by the increases in yields. This response appears in all the combinations, 
even without the presence of residues, altho in combination with either residues 
or potassium the effect is accentuated. For example, comparing Plot 3 with 
Plot 6 (limestone and residues with limestone, residues, and phosphorus) we find 
the phosphorus treatment has produced an average increase in the yield of corn 
of about 13 bushels an acre, while the yield of oats has been inereased by about 
20 bushels, and that of wheat by about 22 bushels an acre. Similar increases, tho 
not so pronounced, appear in comparing Plot 5 with Plot 8 where potassium i in- 
stead of residues is present. 

Thus it appears that on this field, under this system of farming, the lack 
of phosphorus is distinctly a limiting factor in production and the application 
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Taste 10.—BLOOMINGTON FIELD: Summary or Crop YIELDS 
Average Annual Yields of Grain Crops 1902-1923—Bushels or (tons) per acre 


Serial Corn Oats Wheat Clover! 
plot Soil treatment applied 

No. | 1 O crops 4 crops 4 crops 3 crops 

2 NO ooo oe oo 6 were erence gle @ sieves 41.5 44.7 24.1 ( .80) 

3 LLB 9 70,4 OS CR See 47.5 46.2 27.9 ( .88) 

4 ‘WGI? oe a Re Ob Oe eee 55.8 54.3 45.7 (2.54) 

5 LAS on J aot one Oe 46.2 43.5 25.5 ( .90) 

6 TLIO? 5.5.0: DAO 60.6 66.0 49.7 (1.19) 

7 LAR. «yo ee 48.6 46.8 27.5 ( .82) 

8 ILE coos dhl nae 60.9 57.2 44.5 (2.44) 

9 TRIO A On 64.2 63.1 50.4 ( .81) 


SRLE Llp es hn Cs ie ee 6.0 1.5 3.8 ( .08) 
UpRteemover WOR... wn cc ee ce ees 4.8 sta 4.0 — (1.35) 
LRK peG.e ARE Oe ee ee ee 2.4 3.9 2.0 —( .08) 
DREGE METOUD EIR. cocks eese cease eves 3.0 529 5.9 (1.638) 

For Phosphorus 
bP DEB? lb oye Eee 14.3 9.6 21.6 (1.74) 
To RONe Gye UL ae TAL 19.8 21.8 (S30) 
LOS ound Cl 14.7 13:.7 19.0 (1.54) 
WEI MOMEENUTIUING, r5)c.c6 sca se boven cca cess 15.6 16.3 22.9 —( .01) 
For Potassium . 

“cine? 1D... ose cutee eee 427 aw SD 1.4 ( .10) 
WARES”. ORELR UL, Se rr ah 6 — .4 ( .06) 
IWIN ONG 6) Seal 2.9 — 1.2 —( .10) 
TAR OK aye Lo) 3.6 — 2.9 ae —( .38) 


'1Two crops of seed on Plots 3; 6, 7, and 9 evaluated as hay. 


of this element in the form of steamed bone meal is attended by a high financial 
profit. It is of extreme interest to know whether a similar response would fol- 
low the use of other phosphorus carriers, such as rock phosphate and acid phos- 
phate. Experiments are now under way designed to answer this question, but 
they have not been running long enough to furnish reliable results at the present 
time, 

Quite different are the results from the use of potassium on this field. The 
potassium has been applied mainly in the form of potassium sulfate, but in 1917 
when this material became unavailable thru war conditions, potassium carbonate 
was substituted. There is a moderate increase in the corn yield where potassium 
has been used and particularly where residues are absent. Otherwise, the small 
gains shown on some plots are offset by losses on other plots, but these small 
differences are probably well within the limits of experimental error. 


THE ALEDO FIELD 


An experiment field on Brown Silt Loam On Clay is located in Mercer county 
just west of Aledo. This field has been in operation since 1910. From its physi- 
cal aspects this field should be well adapted to experimental work, the land being 
unusually uniform in topography and in soil profile. 

There are two general systems of plots and they are designated as the major 
and the minor systems. 
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Experiments on the Major Series 


The major system comprizes four series (numbered 100, 200, 300, and 400) 
made up of 10 plots each. The plots were handled substantially as described 
above for standard treatment until 1918, when it was planned to harvest the first 
crop of red clover on the residues plots for hay and to plow down the second crop 
if no seed were formed. In 1921 the return of the oat straw was discontinued. 
In 1923 the rotation was changed to corn, corn, oats, and wheat. In this rota- 
tion it was planned to seed hubam clover in the oats on all plots, for use as hay 
or for soil improvement, and common sweet clover in the wheat on the residue 
plots for use as a green manure. Since this change, no residues except corn- 
stalks and the green manure have been returned to the residues plots. The lime- 
stone applications were temporarily abandoned in 1923. No more will be applied 
until there appears to be a need for them. The phosphate applications were 
evened up to a total of 4 tons an acre in 1924, and no more will be applied on 
the west halves of these plots for some time at least. ae 

Table 11 presents a summary of the results showing the average annual 
yields obtained for the period beginning when complete soil treatment came into 
sway. The lower section of this table gives comparisons in terms of crop increases 
intended to indicate the effect of the different fertilizing materials applied. . 

In looking over these results we may observe first the beneficial effect of 
animal manure on all crops, but especially marked on the corn. This suggests 
the advisability of carefully conserving and regularly applying all stable manure 
produced on the farm. Residues alone have been beneficial for corn but have 
shown little effect on the other crops of the rotation. 


TaBiE 11.—ALEDO FIELD: Genera Summary or Crop YIELDS 
Average Annual Yields 1912-1926—Bushels or (tons) per acre 


Serial Wheat Corn Oats °| Clover | Soybeans 
plot Soil treatment 
No. 12 crops 19 crops 14 crops 6 crops 3 crops 
1-4) OS ens oes trei ene 30.1 Dine 57.9 (2.21) (1.60) 
DV ee w baie  ee 34.5 files 64.5 (2.74) (1.63) 
35. Milan. © ok a ee eee 34.6 74.3 67.6 (3.12) (1.60) 
A Tl) MUG «steak ce eee ee 36.6 75.6 68.2 (3.05) (1.61) 
ye ROLY: Beers ee 30.8 60.1 59.7 (2.00) 16.1 
(Tan FE ae ae, Sect med chats yt 31.4 66.5 61.2 (1.91) 16.5 
tl Oh RLS; eae ee ane ee Bon) 71.9 66.5 (1.96) 18°8 
S| LP ce ae. 2c rn 38.0 74.4 68.0 (2.08) 20.3 
9 “|S RERK Aa -eee eeee SY/3} 76.0 70.3 (73) 20.9 
10) Ol Seen ce ae eee pee SO 58.3 58.1 (2.38) (1.62) 
Crop Increases 
Mvever0 tan. eee 4.4 13.9 6:6 (253) ( .03) 
Rover: icky. Ney ee ae 6 A he —( .09) 5 
IMovers Mn. see ad S22 Bad ( .38) ~ = ...03) 
RT OVer Ir a) eae Dei 5.4 Nao} « .05) Dee 
MiRioverdVUlr etre eee 2.0 ihe 8} .6 —( .07) (G01) 
RR lomernh lige eee 4.5 2a 1S (e222) ie 
RUPKCoverin ls Powe sae — .7 1.6 Zao) —( .35)*' 6 
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Limestone added to the manure treatment produces no very marked effect ; 
when applied with residues, however, the crop increases are considerably greater. 

The addition of rock phosphate to the treatment has had very little effect in 
the manure system. Somewhat more favorable are the results in the residues 
system, but even here the margin of profit on these crop increases is too narrow 
to assure the profitable use of rock phosphate applied in the manner of these 
experiments. However, the economic story has not all been told, for the applica- 
tion of lime and phosphate on these plots is to be discontinued in order to observe 
the residual effects. The results of the next few years, therefore, will be awaited 
with great interest. 

For the effect of potassium treatment, Plots 8 and 9 may be compared. No 
significant response appears as the result of applying potassium, so far as these 
common field crops show. 

A number of problems have arisen out of the experience on this and other 
experiment fields which call for some revision of the investigations described 
above, and accordingly certain changes are to be made in the future conduct of 
these plots which are intended especially to throw more light upon the problems 
of liming and applying phosphorus. (See Soil Report No. 29, Mercer County 
Soils. ) 


Experiments on the Minor Series 


The so-called minor system of plots (Series 500, 600, 700, 800) on the Aledo 
field is given over to a comparison of the effectiveness of different carriers of 
phosphorus. 

In this experiment each series contains four plots. Plot 1 receives residues 
treatment only; Plot 2 receives residues and phosphorus in one of the forms 
under test; Plot 3 receives residues, limestone, and phosphorus; and Plot 4 is 
similar to Plot 3 with phesphorus omitted. On one series steamed bone meal 
(bP) is used as the carrier of phosphorus and is applied at the rate of 200 pounds 
per acre per year. On another series acid phosphate (aP) is applied at the 
yearly rate of 33314 pounds per acre. On a third series rock phosphate (rP) 
serves as the source of phosphorus, applied at the rate of 66624 pounds per acre 
yearly, and on the last series, basic slag phosphate (sP) is applied at the rate of 
250 pounds per acre yeaily. 

The yields for all crops harvested on these plots are recorded in Table 12. 
Table 13, which is derived from Table 12, shows differences in crop yields pre- 
sumed to have resulted from applying the various forms of phosphatie fertilizers 
for the eleven crops harvested since tiie beginning of the applications up to 1926. 
In computing these comparisons each phosphate plot is compared with its neigh- 
boring non-phosphate plot. 

Aside from the soybeans, the figures show without exception more or less 
crop increase on the phosphorus plots, no matter what the form of carrier em- 
ployed. The difficulty, however, of arriving at a general conclusion regarding 
the comparative economy in the use of these different phosphorus materials is 
obvious, for all depends upon their relative cost, which fluctuates from time to 
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TaBLe 12.—ALEDO FIELD: PuHospHate EXPrRIMENT 
Annual Crop Yields—Bushels or (tons) per acre 


Plot Soil treatment 19162] 19172 aa 1919 | 1920 | 1921 Ge 1923 | 1924 | 1925 | 1926 
No. applied! Corn | Oats eae Wheat} Corn | Oats ia Corn | Corn | Oats | Wheat 
BOL. | JR. circ othe a's siete ee eee 53.4 | 85.5 | 18.9 | 32.4 | 72.8 | 48.9 |(2.88)| 83.5 | 58.2 | 63.9 | 44.0 
502''| RRBP. aici tate oss eee 61.7 | 91.7 | 19.0 | 34.7 | 86.4 | 61.9 |(3.25)| 82.7 66.0 | 75.0 | 59.2 
503: |’ RUBP 3 pews eon ee 61.5 | 90.6 | 23.2 | 35.6 | 87.3 | 53.3 |(3.48)| 82.5 | 66.8 | 73.4 | 62.0 
G04 | REL orice cle core aide airie eeee 55.1 | 80.5 | 22.6 | 32.9 | 77.7 | 47.7 |(2.61)] 88.2 | 60.3 | 64.5 | 44.6 
GOES Thi cre ottt srk cote ee 55.2 | 84.7 | 19.5 | 33.0 | 71.2 |, 58.6 |(3.17)| 84.7 | 57.8 | 64.4 | 43.3 
602 |) TRAP 2 erectile eaves eters 57.8 | 87.7 | 18.7 | 38.3 | 87.1 | 60.9 | (3.23)! 82.6 Go790) 76.1) 60.6 
603) | AEUSP iivips Srartare eevee 64.7 | 83.4 | 23.1 | 38.2 | 88.1 | 52.3 |(3.53)] 77.6°/)64.7 |) 78.1 | 64.4 
604) | SRLS hy ve can parc vaabicme 51.9 | 81.7 | 24.6 | 32.8 | 84.9 | 50.2 |(3.06)| 84.1 | 51.9 | 64.1 | 47.3 
OL TRA isthe ervem ered a nivestala 54.3 | 83.1 | 20.8 | 34.2 | 75.6 | 52.8 |(3.41)} 82.8 | 61.2 | 66.6 | 44.8 
702 | RrP...cccccesss tebe. s»| 58.8 | 83.3 | 23.3 | 36.7 | 80.4 | 63.0 |(6.60)| S72 Sh sGoreammsO eon! (oo «2 
708°) REP wa. cee ch erase eer 57.2 | 81.2 | 28.1 | 36.7 | 80.2 | 53.3 |(8.82)| 86.6 | 70.8 | 67.8 | 57.5 
004") Be Bscoiter cis ate om etnats 32 oe 52.1 | 81.7 | 26.9 | 34.1 | 82.0 | 48.9 |(3.15)} 84.6 | 62.5 | 66.3 | 49.6 
BOL | Tis scene erhatere dete 57.6 | 73.8 | 18.0 | 33.7 | 68.1 | 54.8 |(2.62)] 74.3 | 58.8 | 45.0 | 45.8 
SOD CR ie tha. geen ust citeucen meer as 56.4 | 87.8 | 20.6 | 38.1 | 81.0 | 66.2 |(3.66)| 80.0 | 69.1 | 66.3 | 60.2 
303 || Hie oo tence bak erp aie 53.3 | 78.9 | 23.7 | 38.4 | 83.6 | 57.0 |(3.63)| 82.0 | 70.2 | 66.7 | 66.0 
S04. } RE oie abe eases acter 51.8 | 77.5 | 21.8 | 33.3 | 70.4 | 59.8 |(2.99)| 82.6 | 59.9 | 53.9 | 48.2 


iBone meal (bP) at the rate of 200 pounds per acre per year. Acid phosphate (aP) at the rate of 33314 pounds per 
acre per year. Rock phosphate (rP) at the rate of 66624 pounds per acre per year. Slag phosphate (sP) at the rate 
of 250 pounds per acre per year. All minerals applied once in the rotation ahead of the wheat crop. 

2No residues. 


time, Furthermore, the prices received from farm produce likewise fluctuate ; 
and to complicate matters still further, these fluctuations do not necessarily run 
parallel with those of the fertilizer cost. However, one may readily compute for 
himself the relative economy of producing these crop increases by applying any 
set of prices for crops and fertilizers which appear to be most applicable accord- 
ing to prevailing market conditions. 

For the purpose of furnishing an illustration of such a computation, the 
following set of arbitrary prices may be assumed as representing approximately 
average market conditions for the past ten years: wheat, $1.25 per bushel; corn, 
75 cents; oats, 45 cents; soybeans, $1.50; and clover, $15 per ton. For the cost 
of the various phosphatic materials the following estimates are used: bone meal, 
$40 per ton; acid phosphate, $24; rock phosphate, $12; and slag phosphate, $20. 
These values seem to be conservative enough. The figures for crop values repre- 
sent fairly well the average December 1 farm price quotations for the past decade. 
Furthermore, it may be pointed out that the quantities of phosphatic materials 
employed in these experiments are, with the possible exception of the slag phos- 
phate, greater than ordinarily would be used, or need to be used, in good farm 
practice. 

The total value of all the crop increases produced by the various forms of 
phosphate during the eleven years is shown in Table 13, as is also the total cost of 
the phosphate applied. From these figures are derived the average annual acre 
profits shown in the last column of the table. 

Reckoned on the basis of the above prices, slag phosphate appears to have 
furnished the most profitable returns of the four phosphorus carriers in the test, 
producing an average profit of $5.16 an acre yearly where applied without lime- 
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TaBLE 13.—ALEDO FIELD: Averace ANNUAL Crop INCREASES PRODUCED BY THE VARIOUS 
Forms oF PHOSPHATE, AND THEIR VALUE, COMPUTED FROM YIELDS IN TABLE 12 


Bushels or (tons) per acre 


Wheat Corn Oats Clover Soy- Value | Cost of | Profit Profit 
Comparison of beans of phos- from | per acre 
treaments increase | phates per year 
2 crops | 4 crops | 3 crops | 1 crop 1 crop |11 crops|11 years | 11 crops 


Bone meal, residues, over 


TOSIQUER same taal els po 8.8 7.2 10.1 € «87) -l |$62.93 |$44.00 $18.93 | $1.72 
Bone meal, residues, lime, 

over residues, lime........ 11.0 4.2 8.2 ( .87) .6 65.12 44.00 21512 1.92 
Acid phosphate, residues, 

over Tepidwes....5-....... 11.3 6.2 7.3 ( .06)| — .8 56.41 44.00 12.41 1.13 
Acid phosphate, residues, . 

lime, over residues, lime...} 11.3 5.6 6.0 ( .47)| —1.5 57.95 44.00 13.95 1.27 
Rock phosphate, residues, 

Over TERIGUCA. <5. os... es 8.5 5.6 4.7 (5.29) 2.5 51.00 44.00 7.00 64 
Rock phosphate, residues, 

lime, over residues, lime. . . Lf 3.4 1.8 ( .67) 1.2 38.73 44.00 |—5.27 |— .48 
Slag phosphate, residues, 

DORM OMONCH aisihis hisidinve'e sv: 9.3 6.9 15.4 (1.04) 2.6 84,24 27.50 56.74 5.16 
Slag phosphate, residues, 

lime, over residues, lime...| 11.4 6.1 3.8 ( .64) 1.9 64.38 27.50 36.88 3.35 


stone, and $3.35 where applied with limestone. Bone meal has given an average 
profit of $1.72 applied without limestone, and $1.92 applied with limestone. 
Acid phosphate has returned $1.13 used without limestone, and $1.27 used with 
limestone. Rock phosphate has produced the lowest money returns, giving a 
profit of 64 cents an acre a year applied without limestone and a loss of 48 cents 
used with limestone. 

No consideration is given here to the relative phosphorus reserves which 
should have accumulated in the soil. In considering these figures let it be 
emphasized again that the order of these values might easily be shifted by a 
relatively small change in commodity prices. 

We may next consider the results from the standpoint of limestone, which 
was applied at the rate of 4 tons an acre to Plots 3 and 4 of the minor series in 
1912, when the land was still under alfalfa. Another dressing of 2 tons an acre 
was added in 1917, after the present experiments were under way. The effect 
of this limestone, in terms of crop increase, is set forth in Table 14. 

Comparing first the crop yields from Plots 1 and 4, which receive no phos- 
phorus, limestone used with residues alone appears to have been of doubtful 
benefit to all of the crops excepting soybeans. ‘Considering all treatments as a 
whole, the soybeans exhibit a consistent gain in yield from the use of limestone, 
while oats, on the other hand, respond by a consistent loss. 

In arriving at the financial results for the use of limestone, a charge of $2 
a ton for the 6 tons of limestone applied may be made. This makes a total cost 
of $12 to charge against the value of the total crop increases for the eleven years. 
Figured in this manner, we find a profit of 31 cents an acre a year for limestone 
applied without phosphate of any kind. Where limestone was applied with bone 
meal, the limestone profit was 5 cents an acre a year, and with acid phosphate 
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Tasie 14.—ALEDO FIELD: Avrracre ANNUAL Crop INCREASES PRopUcED By LIMESTONE 
AND THEIR VALUE, COMPUTED FROM YIELDS IN TABLE 12 


Bushels or (tons) per acre 


Wheat Corn Oats Clover Soy- Value | Cost of | Profit Profit 
Comparison of beans of phos- from | per acre 
treatments ~ increase | phates per year 
2 crops | 4 crops | 3 crops | 1 crop 1 crop |11 crops|11 years} 11 crops 


Limestone, residues, over 
TOBIG GOB! cig lies secon 1.4 2.0 =— ,f° |—( 02) 4.7 15.36 12.00 3.36 31 


Limestone, residues, bone 
meal, over residues, bone 
Meal josie Fences eee 2.8 -3 —3.8 ( .23) 4.2 12.52 12.00 ~52 .05 


Limestone, residues, acid | 
phosphate, over residues, 
acid phosphate........ ae 1.9 | .5 —3.6 ( .30) 4.4 12.49 12.00 -49 04 


Limestone, residues, rock 
phosphate, over residues, 
rock phosphate.......... - .9 — 4 —4.8 ( .22) 4.8 -57 12.00 {—11.43 |—1.04 


Limestone, residues, slag 
phosphate, over residues, 
slag phosphate........... 3.1 ey SG eas US), 3.1 6.22 12.00 | — 5.78 | — .53 


it was 4 cents. Used with rock phosphate, the crop increases were so small 
that a loss of $1.04 an acre a year was sustained, and with slag phosphate, there 
was a loss of 53 cents an acre a year. 

Considering the small margin of profit and the possible experimental error, 
it is doubtful whether limestone, used with phosphates in the manner described 


has, up to the present time, paid its cost on any of these plots. The Aledo field” 


represents one of these borderline cases, so to speak, in which the upper soil is 
neutral or only slightly acid and the lime requirement, therefore, is not yet very 
marked. As time goes on, however, and cropping continues, the need of lime 
may develop. It is planned to discontinue liming on these plots until its need 
becomes manifest, and in so doing the annual cost of the limestone already 
applied will become automatically reduced, so that net returns which hitherto 
have represented a loss may possibly, sooner or later, result in a positive profit. 


THE HARTSBURG FIELD 


A University soil experiment field representing Black Clay Loam is located 
in Logan county just east of Hartsburg. This field was established in 1911 and 
embraces 20 acres. The soil is uniform with the exception of a small area in the 
northwest part of the field which on the detailed map is identified as of the type 
Brown Silt Loam On Clay. A thoro system of tile has been installed whereby 
good drainage has been effected. 

The field was laid out into five series of plots, four of which are made up of 
10 fifth-acre plots each, and one of which contains 15 fifth-aere plots, as indi- 
eated in the diagram (Fig. 3). 

The somewhat standard rotation, including alfalfa and the soil treatment 
methods described on page 39, were established on the five series. Some modifica- 
tions were made in the order of treatment given the extra five plots on Series 500. 
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Black Clay L Scale 

J Griady ley aan yo 4 yo Feet 
rown Silt Loam On Clay 
rundy silt loam 


Contour interval = 1 foot 


Fig. 3—DIAGRAM OF THE HARTSBURG SomL EXPERIMENT FIELD 


This diagram shows the arrangement of plots, the soil treatments applied, the location of 
the different soil types, and by means of contour lines, the natural drainage of this field. 


These methods were followed without change until 1918, when it was planned to 
remove one hay crop and a seed crop of clover from the residues plots. In 1921 it 
was decided to harvest all the clover as hay. At that time the return of the oat 
straw was discontinued. In 1922 the return of the wheat straw was discontinued. 
The only residues plowed under since that time have been the cornstalks, and the 
green sweet clover before the corn. On this field the sweet clover has grown 
satisfactorily on the unlimed plots. The application of limestone was also dis- 
continued in 1922 after amounts ranging from 71% to 10 tons an acre on the 
different series had been applied, and no more will be added until further need 
for it becomes apparent. In 1923 the phosphate applications were evened up 
to 4 tons an acre on all plots, and no more will be applied for an indefinite period. 
At that time the rotation on Series 100, 200, 300, and 400 was changed to corn, 
corn, oats, and wheat, with a seeding of hubam clover in the oats on all plots, and 
a seeding of biennial sweet clover in the wheat on the residues plots. On Series 
500 the rotation was changed to corn, oats, wheat, and a mixture of alfalfa and 
red clover for one year. 

‘Since the Hartsburg field is located in Logan county, a rather complete 
account of the investigations, including a description of the field and a detailed 
record of crop yields, is included in this Report. The results of the work de- 
seribed above are given in detail in Table 15, but for convenience in studying 
them, Table 16 is presented, which gives the average annual yields for the 
several kinds of crops, including the years since ame complete soil treatments 
have been in effect. 
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TaBLe 16.—HARTSBURG FIELD: Summary or Crop YIELDS 
Average Annual Yields 1913-1926—Bushels or (tons) per acre 


Serial Wheat | Corn Oats | Clover |Soybeans} Alfalfa! 

plot Soil treatment applied 

No. 12 crops| 19 crops| 14 crops| 7 crops_| 2 crops | 11 crops 
1 ee i he each eee 25.6 46.5 46.7 (1.84) | (1.29) | (8.47) 
2 M 2 can bo ai edee See ereeele 29.9 57.0 52.6 (2.19) | (1.64) | (8.67) 
3 MIL. «oon anes ete ee eee 35.0 62.9 58.0 (2. 32)5 Ge Sayaie te OL) 
4° | (MIGPY. oo cae een tees 37.2 61.8 5710 (2.39) | (1.92) | (4.19) 
LY ernment. stitches tad oe ke B0s5 52.1 46.0 (1.28) | 25.8 (3.33) 
6 |S RR CA ee er cararne rer, Neen 33.6 62.3 54.1 (1.67) | 26.8 (3.78) 
7 Ribs cesate noe ees ores 31.0 66.3 52.2 (1.64) | 28.4 (3.45) 
8 RLP sc okie tqeaiy te er eee 35.2 65.4 56.3 (1.79) (226216 (4.04) 
9 REPRo baa derradiocn Ceeroeea ae 34.6 64.3 55.4 (2.13) | 26.4 (4.16) 
LO. |). Opera tenk ere eee einer 31.1 51.6 47.4 (2.02) | (1.69) (3.20) 


Crop Increases 


M overs. as totn cm eee 433 10.5 5.9 ( .35)] een) (20) 
ROVerOeyce oo oe aeons 3.1 10.2 8.1 (. £39) ee ( .45) 
ML GverM. isc eee Head 5.9 5.4 ( TS} Gets) ( .24) 
Rilbsoverit. 2 a. cst eee —2.6 4.0 —1.9 |—( .03)} 1.6 —( .33) 
MIP over MiLaeres eee 2.2 -1.1 — .5 ( OC WG2TB) ( .28) 
RUB ver RL eae ee A — .9 4.1 ( .15) |—2.3 ( .59) 
RULPKoverdh oban eaten — .6 —1.1 ~ .9 ( .34) co (>. 12) 


‘No residues for the first six crops. 


The outstanding feature of the results of the Hartsburg field is the large 
increase in yields produced by organic manures, whether they be in form of 
crop residues or of stable manure. 

The behavior of limestone on this field presents a peculiarity difficult to 
explain in that limestone has been much more beneficial where applied with 
animal manure than where used with residues. Used with manure, limestone 
shows a marked increase in al) crops and has given profitable returns on the in- 


vestment, while in the residues system the effect of this material on several of 


the crops appears as negative and its use in this system has been attended by a 
financial loss. 

Rock phosphate has found its most effective place in these experiments in 
the production of wheat and of alfalfa, particularly in the residues system, but 
its effect on the other crops has been so indifferent that, on the whole, the use of 
this material has not proved profitable on this field. 

The addition of potassium in the combinations here employed has likewise 
been ineffective, 

In 1924 these plots were divided into west and east halves and some new 
treatments designed to furnish further information regarding the effect of phos- 
phorus fertilizers on this soil were introduced on the east halves. The west halves 
were continued under the old treatments except that the phosphate applications 
were discontinued indefinitely after a total of four tons an acre of rock phosphate 
had been applied. The phosphate applications were likewise suena on the 
east half of Plot 9 on all series. 
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In the new treatments bone meal, acid phosphate, and rock phosphate are 
being compared in different combinations, as indicated in Table 17. These phos- 
phate fertilizers are applied twice in the rotation, one-half in preparation for 
the wheat crop and one-half ahead of the first corn crop at the following annual 
acre-rates: rock phosphate, 500 pounds; acid phosphate, 200 pounds; bone 
meal, 200 pounds. Gypsum also is being added to Plot 9 at the rate of 200 
pounds. Two tons an acre of limestone were given Plots 1—East and 10—Kast on 
all series in 1924, more to be added in amounts necessary to maintain good 
growing conditions for the legumes. 

Altho these new experiments have not been under way long enough to war- 
rant an analysis of the results at this time, the yields for the three years are all 
presented in Table 17 as a matter of record. 
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sor Mosier followed two years later. 


The Soil Survey of Illinois was organized under the general’ vobeneibion 
of Professor Cyril G. Hopkins, with Professor Jeremiah G. Mosier directly 
in charge of soil classification and mapping. . After working in association | 
on this undertaking for eighteen years, Professor Hopkins died and Profes- - 
The work of these two men enters 80 __ 
intimately into the whole project of the Illinois Soil Survey that-it is im- 
possible to disassociate their names from the individual county reports. 
Therefore recognition is hereby accorded Professors Hopkins and Mosier for 


their contribution to the work resulting in this publication. 
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INTRODUCTORY NOTE 


It is a matter of common observation that soils vary tremendously in their 
productive power, depending upon their physical condition, their chemical com- 
position, and their biological activities. For any comprehensive plan of soil 
improvement looking toward the permanent maintenance of our agricultural 
lands, a definite knowledge of the various existing kinds or types of soil is a 
first essential. It is the purpose of a soil survey to classify the various kinds of 
soil of a given area in such a manner as to permit definite characterization for 
deseription and for mapping. With the information that such a survey affords, 
every farmer or landowner of the surveyed area has at hand the basis for a 
rational system of improvement of his land. At the same time the Experiment 
Station is furnished an inventory of the soils of the state, upon which intelli- 
gently to base plans for those fundamental investigations so necessary for solving 
the problems of practical soil improvement. 

This county soil report is one of a series reporting the results of the soil 
survey which, when completed, will cover the state of Illinois. Kach county 
report is intended to be as nearly complete in itself as it is practicable to make 
it, even at the expense of some repetition. There is presented in the form of an 
Appendix a general discussion of the important principles of soil fertility, in 
order to help the farmer and landowner to understand the significance of the 
data furnished by the soil survey and to make intelligent application of the 
same in the maintenance and improvement of the land. In many eases it will 
be of advantage to study the Appendix in advance of the soil report proper. 

Data from experiment fields representing the more extensive types of soil, 
and furnishing valuable information regarding effective practices in soil man- 
agement, are embodied in the form of a Supplement. This Supplement should 
be referred to in connection with the descriptions of the respective soil types 
found in the body of the report: 

While the authors must assume the responsibility for the presentation of 
this report, it should be understood that the material for the report represents 
the contribution of a considerable number of the present and former members 
of the Agronomy Department working in their respective lines of soil mapping, 
soil analysis, and experiment field investigation. In this connection special 
recognition is due the late Professor J. G. Mosier, under whose direction the soil 
survey of Whiteside county: was conducted. 
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WHITESIDE COUNTY SOILS 


By R. S. SMITH, O. I. ELLIS, E. E. DeETURK, F. O. BAUER, anp L. H. SMITH? 


Whiteside county is situated on the Mississippi river in the northwestern 
part of Illinois about 40 miles south of the Wisconsin state line. It has an area 
of about 700 square miles. 

The climate of Whiteside county is characterized by a wide range in tem- 
perature between the extremes of winter and summer. Records from the weather 
station at Morrison, Illinois, show that the greatest range in temperature for any 
one year during the past twenty-three years was 130 degrees in 1914. The 
highest temperature recorded during this period was 107°; the lowest, 30° below 
zero. The average date of the last killing frost in the spring is May 4. The 
latest killing frost recorded was May 27 in 1907. The average date of the first 
killing frost in the fall is October 12, and September 11 is the earliest date on 
which such a frost has occurred. The average length of the growing season 
is 161 days. 

The average annual rainfall during this period of twenty-three years was 
33.92 inches, distributed as follows: January, 1.47 inches; February, 1.55; 
March, 2:58; April 3.10; May, 4.22; June, 4.03; July, 3.46; August, 3.75; 
September, 4.00; October, 2.36; November, 1.81; December, 1.54. 

The topography of Whiteside county varies from flat to rough and broken. 
The southern and southwestern portions of the county are flat except where 
broken by sand dunes or dune-like topography, resulting from wind action. In 
the northern and northwestern parts of the county rough, broken land occurs. 
This broken topography is the result of stream erosion. 

The drainage of the county all finds its way into Mississippi river, for the 

‘most part thru Rock river. The swamp and terrace areas south of Rock river 
and in the neighborhood of the village of Erie, north of Rock river, are underlain 
by sand and gravel. Because of the high water table, however, the drainage of 
these areas was not good until dredge ditches were constructed. Meredosia 
slough, which forms the boundary between Rock Island and Whiteside counties, 
is a sluggish stream. It serves as a cut-off between Mississippi and Rock rivers 
during periods of high water. 

The altitudes at a few points in Whiteside county are as follows: Sterling, 
649 feet; Morrison, 670; Fulton, 594; Albany, 586; Erie, 597; Prophetstown, 
627; Tampico, 647. 


AGRICULTURAL PRODUCTION 


A diversity of interests is represented in the agriculture of Whiteside county, 
the more important of which are grain production, livestock, and dairying. On 
some farms one or another of these enterprises predominates, while on other 

*R. S. Smith, in charge of soil survey mapping; O. I. Ellis, Assistant Chief in soil survey 


mapping; E. E. DeTurk, in charge of soil analysis; F.C. Bauer, in charge of experiment fields ; 
L. H. Smith, in charge of publications. 
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IOWAN GLACIATION RSS TERRACE 


UPPER ILLINOISAN GLACIATION Rea SWAMP AND BOTTOM LAND 


Wl DEEP LOESS 


Fic. 1.—DrAInaGE Map OF WHITESIDE County, SHOWING STREAM COURSES AND 
GEOLOGICAL AREAS ; 


farms a combination of them is found. Taking the county as a whole, the most 
important sources of farm income are dairy products, beef cattle, and hogs, sup- 
plemented by the sale of grains and hay. 

The livestock industry is well developed on the uplands in the western part 
of the county where the land is adapted to pasture because of its rough and 
broken topography. The dairy industry is centered around Morrison, Sterling, 
and Rock Falls. Most of the milk is hauled in by trucks to the condensories which 
are located in these towns. 

The lowlands in the terrace and swamp area south of Rock river have, for 
many years, been in pasture because of the lack of proper drainage. Within 
recent years these lowlands for the most part have been sufficiently drained by 
dredges and tile to permit cultivation. 

Sweet clover, alfalfa, and red clover grow very well on many of the soil 
types in ‘the county without liming. A mixture of vetch and rye is grown on 
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much of the sandy soil. A rough estimate places the area devoted to pasture at 
55,000 to 60,000 acres. <A very large proportion of this pasture land is too rough 
for cultivation. 

As a rule, each farm includes a small -truck garden and orchard. In the 
deep loess region in the western part of the county, some commercial orcharding 
is carried on. 

According to the Fourteenth Census of the United States there were 2,789 
farms in Whiteside county in 1920, a decrease of 109 farms in ten years. 

The following table shows the acreage and yield of the more important crops - 
for the year 1919, as given by the above-mentioned Census. 


Crops Acreage Production Yield per acre 
(SEE ae 110,53 4,796,574 bu. 43.4 bu. 
OW! 3 4 Ae OCC OMIGIES OOianoe 57,632 1,869,165 bu. 32.4 bu. 
MAME MMe its sigvel's,o)s yels sa islee 0's 26,397 615,726 bu. 23.3 bu. 
TSQOMPEM Isls ccs «0.0 ie or wc «2 sere 20,946 291,213 bu. 13.9 bu. 
IS GN? 405 ig OC eo Irena 8,864 199,270 bu. 22.4 bu. 
MRRNCINV MM Wal ook ¥ 5.5 ci 6) ecu oi 8,946 12,460 tons 1.39 tons 
Timothy and clover mixed.... 22,782 36,089 tons 1.58 tons 
CuinG? ¢ )-6) ¢ snp SaoSee anaes 4,437 7,065 tons 1.70 tons 
JUGS) 58 SSC erence 588 1,610 tons 2.74 tons 
MAO ECTODS cs 0 sc cese 7,700 70,044 tons 9.09 tons 
WORMELOT COTALC. .60. ese ene ve 8,218 20,202 tons 2.45 tons 


It should be borne in mind that these figures represent the yields for only a single 
season. Figures furnished by the U. 8. Department of Agriculture give the fol- 
lowing average acre-yields for the five-year period, 1921-1925: corn, 41.4 bushels; 
oats, 37.1 bushels; wheat, 20.1 bushels; tame hay, 1.46 tons. 

The following figures taken from the 1920 Census show the character of the 
livestock interests in Whiteside county. The total value of livestock was 
$7,919,000 in 1919. 


Animals and Animal Products Number Value 
PN a AMM Ee afte a y0).6 co)on) x aiel's ovcyeus) sry Zdeuat sig! elelaca,s 19,213 $1,582,149 
RSH SMM TAGES, <b o05) on fehe lors) sicversyt (aise lsvelwiels siee-piee 590 64,989 
eMC VED Grr picis ea rareye lepiaysiSisrarsi cutis sc a tenere.e sails 25,455 1,731,900 
SPST MC TL OM NAc) “oye (aic =) sioi dcaisie als) 6; cite s'eiseie vee 35,993 2,497,977 
Ra MMPMME TE oia.c oaicls Gictonsislaas Fb Obi vle piece sibte wis 85,927 1,961,405 
Peete AN MMNOMR SH tela cove se\s'o) sfcid-tis oss o ojecels oo v's aa%eis te 6,107 80,005 
NeiosOmmec OS iANO CHICKEONSs:.5..csloeicsescceesce acces 828,923 
TOR OtGalmy (PLOGUCUSs si. sceptics s.ycieticiesieles,  sievieee 1,804,767 


ORIGIN AND DEVELOPMENT OF SOILS 


One of the most important periods in the geological history of the county, 
from the standpoint of soil formation, was the Glacial period, during and imme- 
diately following which there was being deposited the material that later formed 
the mineral portion of the soils. From the centers of accumulation in Labrador, 
in the Hudson Bay region, and in the northern Rocky mountains, at least six great 
ice sheets moved southward, each of which covered a part of northern United 
States, altho the same parts were not covered during each advance. 

Whiteside county occupies a region which has been subjected to vigorous 
glacial and stream action. The exact glacial history of the regicn is not fully 
known, but for the purpose of the soil survey, it is sufficient to note that the 


4 Sor, Reporr No. 40 


glacial, stream, and wind action was such as to cover the entire county with 
loess to a depth varying from about 150 feet in the western portion to 15 or 20 
feet in the eastern portion. A few restricted areas in the eastern portion of the 
county have a loess cover of only -about 5 feet, but loess is the material from 
which nearly all the soils of the county, as we find them today, were formed. 
Sand dunes occur, chiefly along Mississippi river and Meredosia slough and 
south of Rock river. This sand material was segregated by the wind from the 
alluvial material deposited by the streams. It now forms undesirable soil because 
- of its coarse texture and relative poverty in the elements of plant food. A num- 
ber of peat deposits occur in Whiteside county. These deposits oceur in depres- 
sions where excess water favored the growth of swamp vegetation and the accu- 
mulation of deep deposits cf this organic material. 

Limestone outcrops occur in the northwestern part of the county, but they 
are not extensive. The reader is referred to State Geological Survey Bulletin 
No. 46 for information regarding the quantity, quality, and availability of the 
limestone outcrops in Whiteside county. 

Immediately following the deposit of the soil material, the forces of weather- 
ing began the development of the soils as they now occur. The upland became, 
for the most part, covered by a grass vegetation, thus very largely preventing 
erosion and making possible the slow but uninterrupted accumulation of organic 
matter and the formation of the dark-colored prairie soils. The upland adjacent 
to the streams is occupied by light-colored soil, due to the fact that trees invaded 
the land along the streams, thus bringing about conditions unfavorable for the 
accumulation of organic matter. During this time the movement of water thru 
the soil caused the formation of layers or horizons, commonly spoken of as 
surface or A, horizon, subsurface or A, horizon, and subsoil or B horizon. The 
less-weathered material below the B horizon is spoken of as the C horizon, and 
its character, particularly with reference to presence or absence of limestone 
particles, is important. 

The bottom lands are oceupied by alluvial, or water-borne, material which, 

. because of its recent deposition and continued movement by the wind, has not 
formed distinct horizons. 


SOIL GROUPS 


The soils of Whiteside county are divided into the following groups: 

Upland Prairie Soils, including the dark-colored upland soils. 

Upland Timber Soils, including the light-colored upland soils. 

Terrace Soils, including alluvial soils now above overflow or rarely under 
water. 

Swamp and Bottom-Land Soils, including the overflow lands or flood plains 
along streams, the swamps, and the poorly drained lowlands. 

Residual Soils, including rock outcrop areas and soils formed in place thru 
weathering of rocks. S$ 

Table 1 gives the list of soil types found in Whiteside county, the area of 
each in square miles and in acres, and also its percentage of the total area. The 
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accompanying map in two sheets shows the location and boundary of each type 
down to areas a few acres in extent. For explanations concerning the classifica- 
tion of soils and interpretation of the map, the reader is referred to the first part 
of the Appendix to this report. 


Tasie 1.—Sort Typgs or WHITESIDE County, ILLINOIS 


Soil Area in Area Percent 
type Name of type square in of total 
No. miles acres area 
_———CCT'"__ Upland Prairie Soils (600, 700,800) Prairie Soils (600, 700, 800) 
°$28\ | Brown Silt Loam.....2.csscseseee] 93.28 | 69,600 | SOMME Taam......-..0...s-. 0c + csese 93.28 59,699 13.31 
871 iBrownelme sandy Loam...... 0.00.06. oes 9.99 6,394 1.43 
876 Mascdioand snd Loess. .... 2.0.23. s. eee: 25.91 16,582 3.70 
660.5 | Brown Sandy Loam On Rock............. .29 186 04 
129.47 Cet, 88, 8EL OT 18.¢ are 
Sees -  _—Upland Timber Soils (600,700,800) Timber Soils (600, 700, 800) 
634, | Yellow-Gray Silt Loam....0.0...0....) 26.65 | 17,056 | 3.80 Yellow-Gray Silt Loam.................. 26.65 17,056 3.80 
apt Matiog Palt Loam...........0.0..:......- 38.48 24,627 5.49 
874 Yellow-Gray Fine Sandy Loam........... 27.58 17,651 3.93 
875 Yellow Fine ose LOA eer Micra a eeeretete sine 35.76 22 ,886 5.10 
128.47 Demet | 82220 1882 18.32 
Terrace Soils Re CC SC(ertace Soils (1500) Ci 
1527 Brown 1527. | Brown Silt Loam Over Gravel...........| 73.97. | 47,341 | 10.55 73.97 47,341 10.55 
1536 Yellow-Gray Silt Loam Over Gravel....... 3.70 2,368 .53 
lazoweimerownnsit Loam On Clay........:......+ 1.55 992 22 
1528 Brown-Gray Silt Loam Ga ight: Clayins... 4.17 2,669 .59 
1571 inrowmnimne sandy Loam.............05+% 13.56 8,678 1.93 
1550 BipeleMGxed LOAM. 5... 6 cess sete w ne aves 27.87 17 ,837 3.98 
1561 ving Siig ied Oe ee 22.36 14,310 3.19 
1560 iSyvohvani tse chad Fo): 00 ae 86.57 55,405 12°35 
1568 Brown-Gray Sandy Loam On Tight Clay . 4.22 2,701 .60 
1564 Yellow-Gray Sandy Loam................ AP? 461 .10 
1581 Drone Siig 33.25 21,280 4.75 
1520 ibLbyens (OM el LOCI Sieur aut? 109 .03 
eee tc |, 174,151 38.82 11 174,151 38.82 
—________ Swamp and Bottom-Land Soils (1400) and Bottom-Land Soils (1400) 
1426 Deep Brown Po eiece Brown Gilt Loam...................| 28.53 |. 181259 | | 4.07 _ IMO RT ESS Dans Bee ee 28.53 18 ,259 4.07 
1454 LEV geiyaal, 1 vce (1 boy: 0 05 a 24.07 15/405 3.43 
1451 TRON ULOCEN SES 5 5 Baa orhe EEC nena eae 33.78 21,619 4.82 
1460 iBGon ae) (Siac bial BG 22.99 14,714 3.28 
1420 Blac & (Chimie Up tis Wi es en 2.41 1,542 34 
1445 Yellow Fine Sandy Silt Loam............. 6.64 4,250 95 
1401 goo) LPBbs 9b dea oe On ene 14.60 9,344 2.08 
1402 Miecimimurenh Omi Clay ic. ee. ee ea ee 91 582 13 
1410 IResisy ILGHT) So os Jenne ae eee 19.35 12,384 Pa Ce 
1450 iB eKel ke Mdinttol IDOE NCI ie ane en re 8.28 pares 1.18 
re 161.56. 1 108,398 29.00 103,398 398 23.05 
Residual Dl | © peneieols(000) ..  . ©... (000) 
(OU MAMoe Otago jw. oe eee | 2 | mail| .02 
Miscellaneous 
ee a ee 9.17 | 5,869 | 1.31 
SUORISLR 5 oo ct cro SURO Ne eae a eae 700.90 448 ,576 100.00 
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INVOICE OF THE ELEMENTS OF PLANT FOOD 
IN WHITESIDE COUNTY SOILS 


THREE DEPTHS REPRESENTED BY SOIL SAMPLES 
In the Illinois soil survey each soil type is sampled in the manner described 
below and subjected to chemical analysis in order to obtain a knowledge of its 
important plant-food elements. Samples are taken, usually in sets of three, 
to represent different strata in the top 40 inches of soil, namely: 


1. An upper stratum extending from the surface to a depth of 634 inches. This stratum, 
over the surface of an acre of the common kinds of soil, includes approximately 
2 million pounds of dry soil. 

. A middle stratum extending from 624 to 20 inches, and including approximately 4 
million pounds of dry soil to the acre. 


3. A lower stratum extending from 20 to 40 inches, and including Pg de a 6 
million pounds of dry soil to the acre. 


9 
2 


By this system of sampling we have represented separately three zones fo1 
plant feeding. It is with the upper, or surface layer, that the following dis- 
cussion is mostly concerned, for it includes the soil that is ordinarily turned with 
the plow and is the part with which the farm manure, limestene, phosphate, or 
other fertilizing material is incorporated. Furthermore, it is the only stratum 
which can be greatly changed in composition as a result of adding plant food. 

For convenience in making application of the chemical analyses, the results 
presented in Tables 2, 3, and 4 are given in terms of pounds per aere. It is a 
simple matter to convert these figures to a percentage basis in case one desires 
to consider the information in that form. In comparing the composition of the 
different strata, it must be kept in mind that it is based on different quantities 
of soil, as indicated above. In order to show the comparative concentration of 
the various constituents in the different strata, the figures for the middle and 
lower strata must, therefore, be divided by two and three respectively. 


Wide Range in Organic Matter and Nitrogen 


It can readily be seen from Table 2 that there is a wide variation among 
the different soil types of Whiteside county with respect to their content of the 
different plant-food elements in the upper 62% inches of soil. There appears to 
be but little relationship among these variations except with respect to organic 
earbon and nitrogen, the quantities of which run parallel from type to type tho 
the organie-carbon content is usually 10 to 12 times as great as the nitrogen. 
This relationship between organic carbon and nitrogen is explained by the well- 
established facts that all soil organic matter (of which organic carbon is the 
measure) contains nitrogen and that most of the soil nitrogen—usually 98 percent 
or more—is present in a state of organic combination, that is, as a part of the 
organic matter. 

Phe upland prairie soils of Whiteside county are, for the most part, rela- 
tively high in organic matter and nitrogen; the upland timber soils in general 
fairly low, altho there is some overlapping in the two groups with respect to 
these constituents. For example, the lowest amount of organic carbon found 
among the upland prairie types, 20,800 pounds an acre in Brown Sandy Loam 
On Rock, is somewhat lower than the highest value in the upland timber group, 
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25,020 pounds in Yellow-Gray Silt Loam, even tho the upland prairie soils as a 
whole contain more than twice as much organic carbon as the timber soils. 
Their respective averages are 42,300 and 19,310 pounds for the surface 624 inches. 

The terrace and bottom-land soils contain, in general, more organic matter 
than the upland soils, altho wide variations are to be found also among the 
different types within each of these two groups. 

The largest amount of organic carbon is found in Deep Peat. Since organic 
matter is approximately half carbon, the 352,360 pounds of organic carbon in 
a million pounds of this soil correspond to 704,720 pounds of organic matter, or 
to 70.5 percent of the soil. The lowest amount of this constituent, 11,800 pounds 
an acre, is found in Yellow-Gray Sandy Loam, Terrace; while Dune Sand, Ter- 
race, with 14,670 pounds, and Yellow Fine Sandy Loam, Upland, with 12,620 
pounds, are close seconds. Soils of this character present unusual difficulty when 
it comes to maintaining an adequate supply of organic matter, their porous, open 
texture permitting its rapid oxidation, so that it disappears much more rapidly 
than from the heavier types. For this reason especial care should be taken to 
provide frequent green-manuring crops as well as any other available organic 
residues which may be used for maintaining a supply of organic matter. These 
soils are usually acid, and consequently the application of limestone is in most 
cases the first step in their improvement. 

With the exception of Deep Pegt, all the soil types diminish rather rapidly 
in organic matter and nitrogen with increasing depth, and this diminution is 
noticeable even in the middle stratum. 


Phosphorus Content Increases From Light to Heavy Types 

The sandy soils contain, on the whole, less total phosphorus than those of 
heavier texture. The smallest quantity, 620 pounds in the upper stratum, was 
found in Yellow-Gray Sandy Loam, Terrace. All the very sandy soils, as well as 
the light-colored timber soils, are somewhat low in total phosphorus. Such 
soils, while they generally respond to phosphate fertilization, do not produce 
the inereases for such treatment that might be expected, in part because of the 
greater feeding range for crop roots afforded by the loose, penetrable character 
of these types. On the whole, soils which are very high in organic matter are 
usually somewhat high in total phosphorus. Thus Black Clay Loam, Deep Brown 
Silt Loam, Deep Peat, and other types carrying 80,000 pounds or more of organic 
carbon in the surface soil of an acre usually have about 2,000 pounds or more of 
phosphorus in that stratum. 

Phosphorus, unlike some other elements, is not appreciably removed from the 
soil by leaching. It is converted by growing plants into organic form and tends 
to accumulate in the surface soil in plant residues at the expense of underlying 
strata. Investigations at the Illinois Station have shown that in Brown Silt 
- Loam, for example, about 33 percent of the total phosphorus of the surface soil 
is organic, and in Black Clay Loam about 37 percent. It is the second stratum 
(624 to 20 inches) which furnishes most of the phosphorus thus moved upward. 
Consequently in the majority of soil types the surface soil contains a larger pro- 
portion of phosphorus than the middle stratum and, in some eases, more than 
the lower stratum. 


8 Sor Report No. 40 


Sulfur Generally Well Supplied 


While other elements are not so closely associated with each other as are 
organic matter and nitrogen, there is some degree of correlation between sulfur, 
another element used by growing plants, and organic carbon. This is because 
a considerable tho varying proportion of the sulfur in the soil exists in the 
organic form, that is, as a constituent of organic matter. 

Most of the Whiteside county soils are fairly well supplied with sulfur altho 
some low values are found. It ranges in the surface soil from a minimum of 180 
pounds an acre in Brown Sandy Loam On Rock up to 3,340 pounds in Deep Peat. 
Excluding the peat soils, the sulfur content of Whiteside county soils averages 
a little less than half that of phosphorus. 

The sulfur content decreases with depth in nearly all cases as may be seen 
from a comparison of the figures in Tables 2, 3, and 4. This is to be expected 
since, as stated above, a portion of the sulfur exists in combination with the 
organic matter of the soil and not only is the organic matter more abundant in 
the upper stratum, but also the organic forms of sulfur are held more tenaciously 
against the leaching action of ground water than are the inorganic forms. 

The sulfur available to crops, however, is affected not only by the soil supply 
but also by that brought down from the atmosphere by rain. Sulfur dioxid 
escapes into the air in the gaseous products from the burning of all kinds of 
fuel, particularly coal. The gaseous sulfur dioxid is soluble in water and conse- 
quently is dissolved out of the air by rain and brought to the earth. In regions 
of large coal consumption the amount of sulfur thus added to the soil is relatively 
large. At Urbana during the eight-year period from 1917 to 1924 there has been 
added to the soil by the rainfall an average of 3.5 pounds of sulfur an acre a 
month. Similar observations have been made in other localities for shorter 
periods. The precipitation at the various points in the state in a single month 
has varied from a minimum of 84 of a pound to more than 10 pounds an acre. 

These figures afford some idea of the amount of sulfur added by rain, and 
also of the wide variations under different conditions. On the whole, the facts 
would indicate that the sulfur added from the atmosphere supplements ade- 
quately that contained in the soil, so that apparently there is little need for 
sulfur fertilizers-in Whiteside county. In order to determine definitely the 
response of crops to applications of sulfur fertilizers, experiments with gypsum 
have been started on a number of the Illinois experiment fields. 


Potassium Deficient in Peat and Sand Types 

Potassium is deficient both in Deep Peat and in Medium Peat On Clay, as is 
usually the case with these types; the total amounts in the upper 624 inches 
are 4,590 and 9,080 pounds an acre respectively. A number of the sandy types 
in Whiteside county are comparatively low in their content of this element. 
Black Sandy Loam, Brown-Gray Sandy Loam On Tight Clay, and Dune Sand 
contain, for example only 19,000 to 21,000 pounds per acre of this element and 
Peaty Loam only 20,590 pounds. These amounts are about two-thirds as high as 
the 33,000-pound value around which most of the types vary. This Uv hee 
however, does not extend to all the sandy types. 


ae 
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Sandy soils, besides containing generally less total potassium than the 
-heavier types, carry a large proportion of their potassium in the coarse sand 
grains. The relatively smaller total surface exposed in the case of these coarser 
soil particles reduces the rate at which potassium is dissolved, thus lowering its 
availability. This deficiency of available potassium in sandy soils may be offset, 
partly at least, by the greater facility with which crop roots can penetrate soils 
of that character as compared with heavier types. 

The other soil types of Whiteside county are normal in their content of 
potassium. Potassium exhibits little difference in concentration in the three 
sampling layers. 


Calcium and Magnesium Vary Widely Within the Type 

The variations in the amounts of calcium and magnesium present in the soils 
of Whiteside county are very wide, tho none of the types are particularly low 
in either of these elements. In very acid soils it sometimes happens that the 
calcium present is in such highly insoluble forms that there is not enough of it 
available for good crop growth. The benefit realized from liming acid soils may, 
therefore, be due not wholly to the correction of acidity but in part to the fact 
that the limestone supplies calcium as a plant-food element in a form which 
rapidly becomes available to crops. 

Variations in the amounts of these two elements in the different depths of 
those soils which do not contain native calcium carbonate furnish a clue as to 
the translocations of these elements during the long period in which the different 
types were developing. In the surface stratum calcium exceeds magnesium in 
most eases. This would indicate a larger percentage of calcium than of mag- 
nesium in the soil-forming materials. The idea is also in harmony with geological 
evidence. With increasing depth we find the calcium concentration about the 
same as in the surface, while an increase in magnesium occurs in the second 
stratum and becomes very pronounced in the lower. 

This situation may be explained by the fact that as these two elements are 
dissolved from the surface soil, they are carried downward in solution. In the 
downward movement magnesium is more readily reabsorbed by the soil mass 
than calcium, tending to force calcium into the solution to be earried farther 
down. Consequently, while magnesium tends to accumulate in the middle and 
lower strata, the liberated calcium may accumulate at still greater depths or may 
be washed away entirely. These movements of calcium and magnesium, as indi- 
cated by the analyses of the different strata, constitute one factor in estimating 
the relative maturity of the various soil types. The higher proportion of 
magnesium to calcium in the lower levels as compared to the surface soil tends, 
in general, to increase with the more fully developed or mature profiles. Thus 
we see a correlation of this chemical characteristic of the soil with the processes 
of its development. 

Some of the calcium figures, as given in the tables, appear to be very erratic. 
The very large amounts of calcium in some of the types are an indication of the 
presence of finely divided native calcium carbonate (limestone) in some or all of 
the samples of such types. Sometimes calcium carbonate is present in the surface 
stratum, as in the case of Black Sandy Loam, with its high calcium figure of 
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53,620 pounds an acre. Again, being fairly soluble in the soil water, the calcium 
carbonate has leached away from the upper stratum in some soils, but is still: 
present in the middle or in the lower stratum. Brown Sandy Loam, Bottom, 
illustrates this condition. In this type the upper and middle strata are acid in 
all samples collected and the calcium content is, on the whole, no higher than in 
other types, namely, 10,970 pounds per acre in the upper and 34,460 pounds in 
the second stratum. The lower stratum, however, has 217,470 pounds of calcium 
in 6 million pounds of soil, which after being converted to the 2-million pound 
basis for comparison with the surface stratum is found to be nearly seven times 
as concentrated. The lower stratum in this ease contains a large amount of 
calcium carbonate which has not yet been leached away, and this is responsible 
for the high figure for total calcium. 

Some increase in total magnesium will be observed accompanying the high 
calcium of the ecarbonate-containing soils. These are not great, however, since 
the magnesium does not readily persist in the soil as the carbonate. The carbonate 
of ecarbonate-containing soils is chiefly that of calcium. 


Local Tests for Soil Acidity Often Required 

It is impracticable to attempt to obtain an average quantitative measure of 
the caleium carbonate present in a given type because, while some samples 
contain large amounts, others contain none, but on the otner hand have a 
lime requirement due to the soil acidity. We thus have what may be considered 
positive and negative values ranging, perhaps widely, on the opposite sides of the 
zero or neutral point, the numerical average of which could have no significance 
whatever, since it would not necessarily even approach the condition actually 
existing in a given farm or field. It is for this reason that the tables contain no 
figures purporting to represent either the lime requirement or the limestone 
present in the different soil types. 

The qualitative field tests made in the process of the soil survey are much 
more numerous than the chemical analyses made in the laboratory, and do give 
a general idea of the predominating condition in the various types as to acidity 
or alkalinity. These tests, therefore, furnish the basis for some general recom- ~ 
mendations which are given in the descriptions of individual types on pages 
14 to 29. To have a sound basis for the application of limestone the owner or 
operator of a farm must often determine individually the lime-requirements of 
his different fields. The section in the Appendix dealing with the application of 
limestone (page 37) is pertinent and should be read in this connection. — 


Supplies of Different Elements Not Proportional to Crop Removal 

In the foregoing discussion we have considered mainly the amounts of the 
plant-food elements in the surface 624 inches of soil, and rather briefly the 
relative amounts in the two lower strata. We have noted that some of the ele- 
ments of plant food exhibit no consistent change in amount with increasing depth. 
Other elements show more or less marked variation at the different levels, the 
trend of these variations serving in some cases as clues to the relative maturity 
of different types and the processes involved in their development. ; 
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TABLE 2.—PLANT-Foop ELEMENTS IN THE SoILs OF WHITESIDE County, ILLINOIS 
Uprnr SAMPLING Stratum: Axsout 0 To 624 INCHES 


Average pounds per acre in 2 million pounds of soil 


Soil Total | Total | Total Total Total | Total Total 

type Soil type organic | nitro- | phos- oar potas- |magne- tee 

No. carbon] gen |phorus aaOr | sium .\. som \°eor 
Upland Prairie Soils, (600, 700, 800) 

a, Brown Silt Loam.............. 61 150] 4 850] 1 200] 670] 34 120| 8 270] 11 710 

871 |Brown Fine Sandy Loam....... 44 940} 3 930) 1 220 740| 32 570) 7 700) 11 640 


EMEC ESIC E LOCCS: fy, cress all ireey acts Mose 6 oi oe atuole cute sole a Seviwbiw dew clea vanbe 
660.5|Brown Sandy Loam On Rock...| 20 800} 1 740 740 180} 24 980} 3 820] 8 820 


Upland Timber Soils (600, 700, 800) 


Tait Yellow-Gray Silt Loam......... 25 020] 2 220} 880} 320] 37 030] 6 680| 10 280 
rae} Yellow Silt Loam.............. 16 230] 1 730| 890} 290] 35 610| 9 370] 9 270 
874 |Yellow-Gray Fine Sandy Loam.} 23 360} 2 350) 790) 330] 35 350} 7 460] 10 840 
875 |Yellow Fine Sandy Loam....... 12 620} 1 510} 870} 290| 35 150} 9 670| 12 230 
Terrace Soils (1500) 

T520umidcke lay UOamM.........5..6. 83 380] 7 600} 2 160} 1 220) 28 160) 15 480) 54 980 
1527 |Brown Silt Loam Over Gravel ..| 47 940} 4 110} 1 160} 560] 31 080} 6 900} 9 850 
1536 |Yellow-Gray Silt Loam Over 

MPU ONO EN TAG cio soncce cheb. vies Are 33 990} 3 040 940 330] 35 900} 5 870} 11 350 
1526.1)Brown Silt Loam On Clay...... 54 260} 4 280) 1 220 560} 33 900} 7 660} 11 320 
1528 |Brown-Gray Silt Loam On Tight 

(CIES. i Oe eC eee 63 410} 6 210} 1 910 800} 33 970} 5 960} 9 370 
1571 |Brown Fine Sandy Loam....... 60 590) 4 840} 1 480 670) 29 380) 7 350) 14 950 
eT MAGEE O GIL sage. Glee Gl lialeh aie malleus <peyeia|in bose oc [eoeie dso | ese ow sutalis die iw ere Spores ola 
156l black Sandy loam............ 98 090) 9 590) 1 840} 1 520) 19 150} 10 570} 53 620 
1560 |Brown Sandy Loam............| 35 230} 2 930 960 490} 24 070} 4 730) 7 490 
1568 |Brown-Gray Sandy Loan O 

‘ined (C) Eh eae ee 38 560) 3 320} 1 000 380) 21 380} 4 240} 5 680 
1564 |Yellow-Gray Sandy Loam...... 11 800 940, 620 200} 28 000} 2 880} 6 800 
TSU | Dahan Saher 14 670] 1 230 910 210] 21 360} 3 750} 6 710 

Swamp and Bottom-Land Soils (1400) 

_ 1426 |Deep Brown Silt Loam......... 80 020) 6 4380} 2 010) 1 020) 30 780} 11 250} 17 140 
rca nM aRTIOnrY Mince IAG ty feet lich evece eosked|aace aueresello eaters s [lav wecetn/ellin Sivke ae p [em naneseuil Bre o Aah as 
PASM STOW OAM, 60.6 os ee eee ee 90 330} 7 390) 2 660} 1 150) 28 580) 9 360) 12 850 
1460 |Brown Sandy Loam............ 43 080) 3 660} 1 330 450} 25 860} 6 280} 10 970 
1420 |Black Clay Loam........ Brent 86 340] 6 720} 2 240 960] 30 680} 15 780} 238 220 
1445 |Yellow Fine Sandy Silt Loam. ..| 27 280) 2 080} 1 080 460) 36 320} 9 620} 21 360 
NAQIRMNDECIMRECAD cs c's ie cscs cere es 352 360/30 860} 3 060) 3 340} 4 590} 4 800} 21 070 
1402 |Medium Peat/On Clay?......... 167 520}/16 610} 1 150) 2 350} 9 030} 4 400} 20 340 
TOM Oee REP en inal Ufate) 00 Oe Ale 228 720/20 290) 2 050} 2 950) 20 590} 11 350} 66 500 


ee OMA er Creme OO AIT o gn ethic ilhcie vor: sve |tcnses creel ste abere-elf veers Saligraie ov.d sie eae ae elles tec oe 


LIMESTONE and SOIL ACIDITY.—In connection with these tabulated data, it should 
be explained that the figures for limestone content and soil acidity are omitted not because of 
any lack of importance of these factors, but rather because of the peculiar difficulty of presenting 
in the form of numerical averages reliable information concerning the limestone requirement for 
a given soil type. A general statement, however, will be found concerning the lime requirement 
of the respective soil types in connection with the discussions which follow. 


10n account of the heterogeneous character of this soil type, chemical analyses are not reported - 
2Amounts reported are for 1 million pounds of Deep Peat and Medium Peat On Clay. 


By adding together the figures for all three strata we have an approximate 
invoice of the total plant-food elements within reach of most of our field crops, 
since practically their entire feeding range is included in the upper 40 inches. 
One of the most striking facts brought out of this consideration of the data is 
the great variation within a given soil type in the relative abundance of the 
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TABLE 3.—PLANT-Foop ELEMENTS IN THE SOILS OF WHITESIDE County, ILLINOIS 
MIppLe SampPLinG Stratum: Asout 624 To 20 INCHES 


Average pounds per acre in 4 million pounds of soil 


Soil " Total | Total | Total Total | Total 
type Soil type organic | nitro- | phos- Ete potasi- |magne- eae 
No. carbon] gen |phorus| *" sium | sium 

Upland Prairie Soils (600, 700, 800) 
$56} [Brown Silt Loam.............. 59 310 5 290] 2 000] 490] 69 530] 20 050] 20 720 
871 |Brown Fine Sandy Loam....... 51 580) 4 420} 1 960) 540} 67 260} 19 120} 23 360 


876 |Mixed Sand and Loess! oo. We ogee se | peas 2 afee ew eile one oifle: 4: pelle een 
660.5|Brown Sandy Loam On Rock. ..} 46 440] 4 120] 1 640 840] 48 560} 16 880} 33 440 


Upland Timber Soils (600, 700, 800) 


734) |Yellow-Gray Silt'Loam......... 16 140] 2 010| 1 710} 470] 76 750| 20 530| 19 960 
O35} [Yellow Silt Loam.............. 12 920] 1 670} 1 990| 290] 70 160| 21 630] 18 880 
874 |Yellow-Gray Fire Sandy Loam .| 17 760} 1 700] 1 640} 460) 72 440) 19 940) 20 700 
875 |Yellow Fine Sandy Loam....... 10 600| 1 470] 2 030! 360) 70 040! 21 800} 24 830 
Terrace Soils (1500) 

1520) Black Clay, Doses acre 81 000} 7 360} 3 320} 1 400] 58 280} 30 200} 86 200 
1527 |Brown Silt Loam Over Gravel. .} 47 910} 4 300] 1 790} 800} 64 970) 17 010} 19 370 
1536 |Yellow-Gray Silt Loam Over 

Gravel sows: seo tt sees 15 360} 1 860] 1 540} 260} 75 000] 16 180) 18 400 
1526.1}Brown Silt Loam On Clay...... 70 120} 5 480} 2 120} 360} 71 520) 17 400} 21 920 
1528 |Brown-Gray Silt Loam On 

Right Glavine sea. omer one 36 020} 3 440} 2 900} 1 350} 77 060) 13 740} 17 200 
1571 |Brown Fine Sandy Loam....... 61 880} 4°780} 2 560} 940} 59 940) 15 440} 26 360 
1550 |Black Mixed Loam!... 2... 60.0). c delle cee «sles ee oc }e soe /)c ae ene enema ene 
15615 | Black Sandy, Loam’. 0.7.0. 6: 83 220] 7 380) 2 660] 1 260} 44 460) 21 640} 70 500 
1550 |Brown Sandy Loam........... 46 390) 3 950} 1 830} 690} 50 130} 10 560) 14 690 
1568 |Brown-Gray Sandy Loam On 

‘Light \Clayae be eie seen oe 21 240) 2 160} 1 040 440} 52 320} 11 720) 11 760 
1564 |Yellow-Gray Sandy Loam...... 11 680 920) 1 240 320} 61 280) 7 800] 14 160 
Tosh” |Dune Sands seeeercmen eee 16 230} 1 430] 1 680 250| 42 790| 7 330] 13 950 

Swamp and Bottom-Land Soils (1400) 

1426 |Deep Brown Silt Loam......... 82 020) 7 360} 2 880} 1 280} 63 280} 32 240] 49 500 
1454 |Brown Mixed Loaml!. ....0...6 cco ccs ces lees sce] sce «> fs coc ale ole <felene at—n—i—ah =r 
1451) | BrownLoan ee: byes ten ele 77 380) 6 450) 2 630} 1 190} 60 770] 19 390} 24 230 
1460 |Brown Sandy Loam...........] 57 360) 5 320] 2 420] 660] 55 400} 17 700} 34 460 
1420) |Black Claystoam feeeecece eee 98 320) 7 360} 3 76Q| 760} 63 200] 34 240) 46 760 
1445 |Yellow Fine Sandy Silt Loam. ..} 52 560) 4 080] 2 480] 1 040) 72 120) 21 120} 40 960 
1401S Deep Peatescs.c.ies senate or 586 460/39 080]13 470) 4 010} 14 360} 10 660) 30 700 
1402 |Medium Peat On Clay?......... 216 080|19 600} 1 570} 2 350} 9 030} 4 400) 20 340 
141 0im)| Peaty Loam ...o5-6..ceeemec re 160 680}13 790} 2 670} 1 850} 49 850} 22 710}104 280 


1450 -|Black Mixed Loam?. 2252... 0.)) 00. oc |e ec Wee ee elle cele enc cree eer 
LIMESTONE and SOIL ACIDITY.—See note in Table 2. 


‘On account of the heterogeneous character of this soil type, chemical analyses are not reported: 
*Amounts reported are for 2 million pounds of Deep Peat and Medium Peat On Clay. 


various elements present as compared to the amounts removed by crops. For 
example, in the most extensive type in the county, Brown Silt Loam, Upland, we 
find that the total quantity of nitrogen in all three strata is 13,380 pounds. This 
is about the amount of nitrogen contained in the same number of bushels of corn. 
The amount of phosphorus is only about half as much, or 6,100 pounds, but this 


amount is equivalent to the phosphorus in nearly three times as much corn, 
namely, 35,900 bushels. 


Wuitesipe County 13° 


Taste 4.—PLAnt-Foop ELEMENTS IN THE Sorts or WHITESIDE County, ILLINOIS 
Lower SampPLina Stratum: Asout 20 To 40 INcHES 


Average pounds per acre in 6 million pounds of soil 


Soil . Total | Total | Total | pot Total | Total Total 

type Soil type organic | nitro- | phos- ‘han potasi- |magne- ee 

No. earbon| gen |phorus|S2™47| sium | sium |C°#C1um 
Upland Prairie Soils (600, 700, 800) 

ee Brown Silt Loam.............. 28 300] 3 240| 2 900} —510|103 040 38 810] 38 870 

871 |Brown Fine Sandy Loam....... 26 550} 2 880} 2 850 240)102 180} 33 570) 40 950 


Salm Mane CRORE GCMIIOESSE. . ctisiarccall tieteceins «fa wc incicfleves cleric ersare [eas esce|ecwecarclsnee vee 
660.5}Brown Sandy Loam On Rock. ..| 37 740] 3 420} 2 400} 1 020} 70 680] 33 240} 61 680 


Upland Timber Soils (600, 700, 800) 


oeap |Yellow-Gray Silt Loam......... 14 060] 1 970] 3 450] 540/109 590| 36 360] 35 490 
oe Yellow Silt Loam.............. 11 920] 1 620] 3 480! 160/108 860] 36 540] 36 040 
874 |Yellow-Gray Fine Sandy Loam .| 11 640] 1 980} 3 450] 420/105 750} 35 100} 36 540 
875 |Yellow Fine Sandy Loam.......| 18 640| 1 640] 3 580| 280/105 540] 42 360 63 340 


Terrace Soils (1500) 


1520) |Black Clay Loam.............. 51 660) 4 440] 3 960 960} 93 780} 45 300) 70 140 
1527 |Brown Silt Loam Over Gravel ..| 26 980] 2 780} 2 840 710} 95 310} 30 460] 33 110 
1536 |Yellow-Gray Silt Loam Over 

ME VOleiA Sen Pou S clive ccs awe 13 230} 1 860} 3 330 90}104 370} 34-200} 33 900 
1526.1)Brown Silt Loam On Clay...... 54 300] 3 960) 3 240 120/106 500} 65 100} 38 700 
1528 |Brown-Gray Silt Loam On 

UCU] i 21 210) 2 610} 3 510 230/111 660} 32 640} 32 970 
1571 |Brown Fine Sandy Loam....... 29 890} 2 880} 3 000 330] 94 320] 28 140] 43 110 
PE EER OAMLORIN rar ery ay | ack nae ulinecie cc [asec se ecines [iloe oo fe cncscee [arcs ae ae 
1561 |Black Sandy Loam............ 47 130] 3 300} 3 330] 1 140] 78 180] 34 020) 58 020 
1560 |Brown Sandy Loam........... 27 340} 2 420) 2 080} 360) 72 300) 16 220) 20 160 
1568 |Brown-Gray Sandy Loam On 

(BV NCO ea ee ee 18 960} 2 220} 1 800 420] 82 380] 26 940] 23 220 
1564 |Yellow-Gray Eandy Tonnies gare 11 040 900} 2 220 180} 85 140} 17 700} 25 140 
LUE CNS  L OUTCRY so ES rn 12 820} 1 260| 2 080 180} 64 720} 11 040} 20 340 


Swamp and Bottom-Land Soils (1400) 


1426 |Deep Brown Silt Loam......... 41 380} 3 720) 3 420} 570) 91 410) 79 020/201 600 
eto RRC AMOICCIEU AAI sf as cies ce clocaiacs sis cee clleececalossc cals oe feeb [cece deleccescs 
TABI Brown OAM... 0666. 650 0c ee es 34 360] 2 960} 3 040 620] 91 260) 43 480} 86 640 
1460 |Brown Sandy Loam............| 59 970] 4 320} 3 120} 1 170) 85 350} 61 020/217 470 
120m Black’Clay Loam.............. 77 520) 4 560] 7 980 720} 71 280} 50 280] 58 500 
1445 {Yellow Fine Sandy Silt Loam. . .|172 020/13 620) 5 400} 2 160)110 220) 37 560) 52 020 
TIC UD) Ses 0) oC 879 690/58 620/20 210} 6 010} 21 540} 15 990) 46 050 
1402 |Medium Peat On Clay......... 187 440]16 440] 3 530] 3 780} 94 800} 62 160}112 440 
PATRI Aty MORIN. icc. cess 61 560] 4 160} 5 200] 1 200) 87 120) 37 800} 86 860 


a NN OL LOC OTN) pate te ar OLE icra ais olvcss ose [aise has le Settee cL eects [a wdaeecpens «mals 
LIMESTONE and SOIL ACIDITY.—See note in Table 2. 


1On account of the heterogeneous character of this soil type, chemical analyses are not reported. 
2Amounts reported are for 3 million pounds of Deep Peat. 


In the surface stratum, however, which is the zone of most intensive crop 
feeding, we find the relative amounts of nitrogen and phosphorus more nearly 
in accord with the rate of removal of these elements by crops. Here the nitrogen 
is equivalent to nearly 5000 bushels of corn, and the phosphorus to 7,000 bushels. 

The total stock of potassium, amounting in this type to 206,690 pounds an 
acre, would furnish this element for more than one million bushels of corn. 
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Service of Chemical Analysis in Soil Improvement 

The foregoing statements should not be taken to mean that it is Beals to 
predict how long any certain soil could be cropped under a given system before 
it would become exhausted. Nor do the figures alone indicate the! immediate 
procedure to be followed in the improvement of a soil. It must be kept in mind 
that the amount of plant food shown to be present is not the sole measure of the 
ability of a soil to produce crops. The rate at which some of these elements are 
liberated from insoluble forms and converted to forms that ean be used by 
growing plants is a matter of at least equal importance, as explained on page 35, 
and is not necessarily proportional to the total stocks present. One must know, 
therefore, how to cope with the peculiarities of a given soil type if he is to secure 
the full benefit from its stores of plant-food elements and from applied fertilizing 
materials. In addition there are always economic factors that must be taken into 
consideration, since it is necessary for one to decide at how high a level of pro- 
ductive capacity he can best afford to maintain his soil. 

The chemical soil analysis made in connection with the soil survey is seen 
to be of value chiefly in two ways. In the first place it reveals at once out- 
standing deficiencies or other chemical characteristics which alone would affect 
its productivity to a marked extent or point the way to corrective measures. It 
should be borne in mind, however, that fairly wide departures from the usual are 
necessary before the chemical analysis alone can be followed as a guide in prac- 
tice without supplementary information from other sources. Examples of this 
use of soil analyses are the extremely low potassium content of peaty soils, soils 
containing only 300 to 400 pounds of phosphorus per acre, and chemical tests 
for lime need. It is quite probable that the results of the soil analysis are fre- 
quently misused by attempting to interpret small differences in amount of a 
certain plant-food element as indicative of similar differences in fertilizer need. 

The second function of soil analysis is as an aid in the scientifie study of 
soils from many angles, the ultimate aim of which is, of course, the more eco- 
nomical utilization of the soil for efficient crop production. Not only do chemical 
studies aid in determiming the processes involved in soil development under 
natural conditions, but also in determining the effects of different soil manage- 
ment and fertilizing practices upon the soil and upon the utilization by crops of 
the plant-food elements involved. 


DESCRIPTION OF SOIL TYPES 


UPLAND PRAIRIE SOILS 


The upland prairie soils of Whiteside county occupy 129.47 square miles, or 
18.48 percent of the area of the county. They are found chiefly in the northeast 
quarter of the county. Relatively small areas are also found in a triangular- 
shaped body lying between Fulton and Erie. 

These soils vary in color from black to light brown or grayish brown in the 
surface, and in texture from silts to sands. The subsoils of this group vary in 
compactness and other characters, as will be noted in the type descriptions to 
follow. 
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The dark color of the prairie soils is due to an accumulation of organic 
matter from the fibrous roots of the prairie grasses that grew on this land for 
centuries. A covering of fine soil and a mat of vegetative material by partially 
excluding the oxygen protected these roots from rapid and complete decay. 
From time to time the mat of old grass stems and leaves was partially destroyed 
by prairie fires and decay, but it was constantly being renewed, and while it 
added but little organic matter to the soil directly, it served to retard the decay 
of the roots of the grasses. 


Brown Silt Loam (626, 726) 


Brown Silt Loam as mapped occupies 93.28 square miles, or 13.31 percent 
of the area of Whiteside county. It is fairly uniformly distributed over the 
northern part of the county, with an isolated area occurring in the southwestern 
part adjacent to Henry county. At the time the soil map of this county was 
prepared, certain areas were classified as Brown Silt Loam which, in the light of 
more recent studies, would now be considered as not strictly a part of this type. 
These variations are noted in the following paragraphs. 

The topography of the type varies from almost level to rolling, and asso- 
ciated with this variation is a variation in soil character. Erosion in relatively 
recent time has cut numerous deep gorges into the type between Rock and 
Elkhorn creeks, and these eroded areas are included in the type Yellow Silt Loam 
(635, 735). There are many long, gentle slopes, mapped as Brown Silt Loam, 
from which much soil material has been removed by erosion without forming 
gullies. Areas of this sort have not been differentiated on the map but they 
should be recognized in planning soil management and treatment, as they differ 
materially in their requirements from the more level-lying portions. Natural 
drainage is good thruout the type. 

As previously stated, this soil was formed from wind-blown loessial material 
_ varying in depth from 5 to 15 feet or more. Near Mississippi river the loess 
deposit is deeper than in the eastern part of the county. In the region between 
East Clinton and Mineral Springs this type contains more fine sand than is 
commonly found in a silt loam. Some of the areas of Brown Silt Loam in this 
region probably should have been mapped as Brown Fine Sandy Loam, tho the 
separation is very difficult to make. 

The A, horizon, which averages about 8 inches in depth, is a light brown to 
medium brown silt loam and contains an appreciable amount of fine sand. The 
A, horizon, extending to about 20 inches in depth, is a friable silt loam, varying 
in color from light brown to yellowish brown. The B horizon is about 12 inches 
thick and is a slightly compact, lightly mottled, yellow silt loam. Below 32 
~ inches a friable, slightly mottled yellow silt loam occurs. It is spotted with occa- 
‘sional yellow or brown iron stains. On the lower, more nearly level areas the 
B horizon is more strongly mottled and more compact and its color is drabbish 
yellow or grayish yellow. In places where erosion has been active, sufficient loess 
material has been washed off from the surface so that the gravelly drift occurs 
within 40 inches of the surface and occasionally even on the surface. 
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Management.—In planning a system of management for this soil, the first 
consideration should be to provide for a regular supply of fresh leguminous 
organic matter. This is particularly necessary on the above mentioned areas 
where the slope is sufficient to permit erosion. It should be noted that even 
gentle slopes are subject to erosion, tho it is often not very noticeable unless 
gullies form. Sweet clover is an excellent legume to grow as a soil improver 
and it is also a good pasture crop. Before seeding sweet clover, the soil should 
be tested in detail to determine the amount of limestone needed. In general, this 
type requires about 2 tons an acre for either alfalfa or sweet clover; there are, 
however, many exceptions to this rule. 

The Mt. Morris experiment field in Ogle county and the Dixon experiment 
field in Lee county, are located on soil which, with the exception of a few areas, 
is similar to Brown Silt Loam as mapped in Whiteside county. These fields, 
which have been under full treatment since 1913 and 1912 respectively, are in 
agreement that manure gives very good increases in yield in a rotation of corn, 
oats, wheat, and clover. (The data from the Mt. Morris field will be found on 
page 48, and from the Dixon field on page 50.) The results show also that the 
plowing down of crop residues is a profitable practice and that limestone returns 
a large profit when used on this soil. 

The evidence furnished by these fields regarding the value of rock phosphate 
is consistent in showing that when manure is used, rock phosphate does not 
cause as much increase in yield as when’ no manure is used and erop residues 
are depended on as a source of organic matter. If we average the two fields, 
we find that the application of rock phosphate in addition to manure has barely 
caused sufficient increase in yield to pay for the application of half a ton of rock 
phosphate once in the rotation, while in the residues system the increase has been 
sufficient to pay a small profit on this rate of application. The question arises 
as to whether a half-ton application would cause as much increase in yield as 
the one-ton application, which was the amount used in these experiments; but 
no data are available upon which to base an answer to this question. It is sug- 
gested that those who wish to increase their acre yield and thus make possible 
the cultivation of fewer acres try rock phosphate on a few acres, together with 
the minimum amount of limestone which it is thought can be used. Acid phos- 
phate is a standard phosphatic fertilizer which it would also be well to try. This 
material should be applied chiefly, if not entirely, for the wheat crop. The 
application should be made after plowing, and before working down the seed 
bed, at the rate of about 300 pounds an acre. If the wheat drill is provided with 
a fertilizer attachment, the acid phosphate may be applied at the time of seeding 
the wheat. 

It should be remembered that no phosphate can be expected to give satis- 
factory returns unless sufficient nitrogen is present and the soil is in good physical 
condition. In general farming, the acre returns are not sufficiently high to 
justify the purchase of commercial nitrogen at its present price. It is therefore 
necessary to depend on legumes for the nitrogen supply; and of the legumes, 
sweet clover ranks highest as a source of nitrogen and organic matter. © 

The use of potash is not advised on this soil since the evidence indicates that 
it would not cause sufficient increase in yield to pay for its cost. 


ee * 
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Brown Fine Sandy Loam (871) 


Brown Fine Sandy Loam, Upland, occupies practically 10 square miles, or 
1.48 percent of the area of the county. Practically all of this type is found in 
the region extending from East Clinton to Mineral Springs, west of Cattail 
slough. 

The topography of this type varies from undulating to rolling. The area 
becomes more rolling south of Albany where, with minor exceptions, the wind 
has reworked the soil material. Drainage is good thruout the type. The texture 
and compactness of the subsoil vary somewhat. On the flat areas it is much 
heavier and more compact than on the rolling areas. 

The A, horizon, which is about 8 inches in depth, is a hght brown to medium 
brown fine sandy loam. The A, horizon, extending to a depth of 18 or 19 inches, 
varies from a light brown to yellowish brown fine sandy loam. The B horizon is 
a slightly mottled, yellow fine sandy or silt loam. It varies in texture and com- 
paction as above noted but is never excessively heavy or compact. At a depth of 
about 30 inches a friable, slightly mottled, yellow fine sandy loam or silt loam 
occurs. This material contains carbonates at a depth of 40 to 50 inches. The 
areas of this type which are adjacent to the type Mixed Sand and Loess have 
not developed any well-defined horizons, indicating that the deposition of this 
soil material by the wind has taken place within very recent times. 


Management.—Brown Fine Sandy Loam shows a slight to medium acidity 
and in general should have an application of 114 to 2 tons of limestone an acre 
before the growing of alfalfa or sweet clover is attempted. Before applying 
limestone, however, each field should be tested in detail, for there is considerable 
variation in the degree of acidity. 

This soil is relatively low in organic matter and nitrogen. These deficiencies 
should be taken care of by growing legumes at regular intervals in the rotation 
and by the application of all manure available. Because of its physical proper- 
ties, Brown Sandy Loam favors the deep penetration of roots, thus greatly in- 
creasing the feeding range of plants over that in a soil having a relatively im- 
pervious subsoil. 

As a guide to the treatment of this type we may go to the records of the 
Union Grove experiment field, which was located on a soil sufficiently similar for 
the results to be of value. On this field a rotation of corn, corn, oats or barley, 
and clover was grown. The results, which will be found on page 52, show high 
returns from the use of crop residues and very high returns from the use of 
manure. Potassium applied in the form of sulfate of potash gave good results 
in the residues system, but on the manure plots the increases following its applica- 
tion were not sufficiently high to justify its use. Rock phosphate did not cause 
sufficient increase in the crops in this rotation to pay for its cost even if used 
at the rate of half a ton once in the rotation. A nine-year rotation of potatoes 
and alfalfa was established on another series of plots. The results of this work 
indicate that rock phosphate may be used profitably for alfalfa on this soil. 

The following specific suggestions may be made for the treatment of Brown 
Fine Sandy Loam, based largely on results from the Union Grove experiment field. 
First, apply only sufficient limestone to grow the crops which it is desired to grow. 


18 Sor, Revort No. 40 


If alfalfa or sweet clover is to be grown, more limestone will have to be used 
than if red clover is the legume to be grown. The assistance of the farm adviser 
should be secured in making a detailed test of each field before applying lime- 
stone. Second, make full use of all available manure and plow down all crop 
residues with the possible exception of wheat, oat, and barley straw. Third, 
apply 100 to 150 pounds of a potash salt for corn. Fourth, if alfalfa is grown, 
apply one ton of rock phosphate or about 600 pounds of acid phosphate an acre 
and work it into the soil thoroly as the seed bed is being prepared.- 


Mixed Sand and Loess (876) 

Mixed Sand and Loess, as the name indicates, is variable in character. It 
owes its mixed composition and variable character to the deposition by the wind, 
during remote times, of material of varying texture. The final deposit was fine 
in texture. Subsequent erosion, either by wind or water, removed this fine loess 
covering in some places and not in others, and as a result a mixed soil was formed. 
The areas of different texture are so small that they cannot be differentiated 
successfully on the soil map and are therefore all grouped together as one type. 

- Mixed Sand and Loess occurs in the northwestern part of Whiteside county, 
occupying a total of 25.91 square miles. The topography varies from billowy to 
rough and broken, the latter condition being found adjacent to the Mississippi 
bottom. Both surface drainage and underdrainage are good on this type. 

The diverse character of this type makes it impossible to give more than a 
generalized profile description. The surface soil varies in depth, color, and 
texture, but in general is friable and easily worked. In places it is too coarse in 
texture to be a good general-purpose soil. The subsurface varies as greatly as 
does the surface and no true subsoil is present because the soil materials have 
not been exposed to the soil- forming forces sufficiently long for a compact zone 
to be developed. 


Management.—Mixed Sand and Loess is not a unit with respect to manage- 
ment requirements. The reader is referred to Brown Fine Sandy Loam, page 17, 
for a discussion of the management of the finer-textured portions of this type 
and to Brown Sandy Loam, Terrace, page 24, or Dune Sand, Terrace, page 25, 
for management suggestions for the coarser portions of the type. 


Brown Sandy Loam On Rock (660.5) 

Brown Sandy Loam On Rock is a type of little importanee. A small area 
of 186 acres is found just east of Albany. 

The surface soil, which extends to about 7 inches in depth, is a brown sandy 
loam. The subsurface is a medium-grained brown sandy loam resting on lime- 
stone rock, which occurs at a depth of 12 to 24 inches below the surface. 

This type is used chiefly for pasture and is suited for nothing else because 
of its shallowness. 


UPLAND TIMBER SOILS 


The upland timber soils are found in the northern and western parts of 
Whiteside county. They are characterized in color by a grayish yellow surface 


WHITESIDE COUNTY 19 


soil. The long-continued growth of forest trees on these soils has been chiefly 
responsible for their low organic-matter content. This group of soils occupies 
128.47 square miles in Whiteside county. 


Yellow-Gray Silt Loam (634, 734) 


Yellow-Gray Silt Loam occurs as an outer light-colored soil belt bordering 
the stream courses. Its topography varies from undulating to rolling. Natural 
drainage is good, and with reasonable care and good farming methods, little 
difficulty should be encountered with washing and gullying. This type occupies 
26.65 square miles, or 3.80 percent of the area of the county. 

In the vicinity of Elkhorn and Rock creeks the light color of certain areas 
has resulted largely from removal of the surface soil by erosion rather than from 
timber growth. These areas are shown on the map as Yellow-Gray Silt Loam, 
tho they differ somewhat from the type. 

The A, horizon, which is about 6 inches thick, varies from a brownish yellow 
to a grayish yellow silt loam. The A, horizon extends to about 18 inches and 
is a friable, mottled, yellow silt loam, floury in texture. The B horizon, extending 
to about 30 inches, is a friable, slightly compact, strongly mottled, yellow silt 
loam. The C horizon is a friable, somewhat mottled, yellow silt.loam, spotted with 
brown and red iron coneretion stains. Those areas of the type which are nearly 
level have a much grayer A, horizon and a more compact B horizon than described 
above. 

Management.—Y ellow-Gray Silt Loam is acid, tho not strongly so. In gen- 
eral, about 2 tons of limestone an acre are required for sweet clover or alfalfa. 

This type is particularly in need of nitrogen and fresh organic matter. 
Sweet clover is the best source of these materials. It may be used to advantage 
as a pasture crop the fall of the first year and then as a green-manure crop for 
corn the spring of the second year. Some areas of this type are so rolling as 
to erode badly and should, if possible, be kept in permanent pasture. 


Yellow Silt Loam (635, 735) 


Yellow Silt Loam occurs mainly in the northeastern portion of the county, 
with a few isolated areas north of Morrison. If washing has not been active for 
a few years, the surface soil is brownish yellow in color. On some of the steep 
slopes glacial drift is exposed, but for the most part the material to a depth of 
40 inches is loess. The type occupies a total area of 38.48 square miles. 


Management.—This type should be utilized, for the most part, for perma- 
nent pasture, timber, or orchards. If it is cultivated, particular attention must 
be given to controlling run-off, if ruinous erosion is to be prevented. Terracing 
may be used to advantage in many cases as a means of lessening erosion, particu- 
larly when laying off a field for planting to orchards. For an account of experi- 
ments to prevent erosion on land of this character, the reader is referred to 
page 57, where the work conducted for nine years on the Vienna field in John- 
son county is described. 
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Yellow-Gray Fine Sandy Loam (874) 

Yellow-Gray Fine Sandy Loam occurs adjacent to the Mississippi river 
bluffs. It cover 27.58 square miles, or about 4 percent of the area of the county. 
It is undulating to rolling in topography. The surface drainage and under- 
drainage of the type are good. 

The A, horizon, which is about 6 inches thick, varies from a brownish yellow 
to grayish yellow fine sandy loam. The A, horizon is a yellow fine sandy loam. 
The B horizon, occurring below 16 or 18 inches, is a yellow, fine sandy silt to 
sandy loam. 

Management.—The type is acid, tho usually only slightly so. Carbonates 
occur at a depth of 50 to 60 inches. This type is similar to Yellow-Gray Silt 
Loam, but is much more permeable because of its coarser texture and more 
friable nature. The reader is referred to Yellow-Gray Silt Loam, page 19, for 
suggestions regarding the management of Yellow-Gray Fine Sandy Loam. 


Yellow Fine Sandy Loam (875) 

Yellow Fine Sandy Loam occurs in the western part of the county but not 
immediately adjacent to the Mississippi river bottoms. It covers an area of 
35.76 square miles. In topography the type is rolling to hilly but the slopes are 
not so steep as in the case of the eroded silt loam types. On a part of the type 
deep gullies have been formed by long-continued erosion. Following the removal 
of the timber from these slopes, they were farmed intensively with no provision 
made for returning organic matter, with the result that much of this land has 
been seriously injured. There is, for the most part, no true surface or subsurface 
present because they have been eroded away. A thin surface soil, from 3 to 4 
inches in depth, however, has been developed over small areas where the growth 
of grass has protected the soil from erosion. 

Management.—The type, because of its topography, should be used for pas- 
ture, orchards, or timber. The depth to carbonates varies greatly. Alfalfa and 
sweet clover can often be grown successfully on the more gentle slopes without 
the addition of limestone. Where limestone is needed for the growing of legumes, 
the amount to’ be applied should be determined by careful examination. The 
assistance of the farm adviser or the Agricultural Experiment Station can be 
secured in making this determination. If it is necessary to farm a portion of 
this type, great care should be used to reduce erosion to the minimum, otherwise 
the removal of the surface will be so rapid as to keep the land in a state of low 
productivity. This soil is particularly deficient in nitrogen and organic matter 
and the first step in building it up should be to provide for a regular supply of 
fresh leguminous organic matter, preferably sweet clover. 


TERRACE SOILS 


About 39 percent of Whiteside county is a terrace formation. The immense 
alluvial fill which constitutes the terrace was deposited by flowing waters during 
glacial times. Finer-textured, wind-blown material was later deposited on the 
sandy, gravelly, terrace material. This finer material constitutes the mineral 
portion of the soils as they now exist. 


“ 
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Brown Silt Loam Over Gravel (1527) 


Brown Silt Loam Over Gravel occupies 73.97 square miles, or 10.55 percent 
of the area of the county. It occurs principally north of Rock river. The 
topography is undulating except where sandy ridges occur, giving the surface a 


billowy appearance. Drainage is usually good, altho isolated areas occur which 


are poorly drained because of the presence of a thin layer of relatively impervious 
material in the subsoil. There is an appreciable amount of fine sand present 
thruout the type because of the deposition of this material by the wind upon the 
terrace, . 

The A, horizon, which is about 8 inches in thickness, varies from a light 


brown to dark brown silt loam. The A, horizon extends to a depth of 19 inches 


and is a yellowish brown silt loam. The B horizon is a yellow silt loam or fine 
sandy silt loam and contains some gray and drab splotches. The C horizon begins 
at about 32 inches and is ordinarily a slightly mottled, friable, yellow sandy loam. 
The depth to the sand and gravel substratum varies from 414 to 8 feet. 

Management.—A large proportion of this type is not acid and in only a few 
cases was it found to be more than slightly acid. It is a productive, easily 
worked soil and is adapted to any of the farm crops common to the region. Pro- 
vision should be made for the systematic addition of leguminous organic matter 
to this.soil. Sweet clover is unexcelled for this purpese and can be used to good 
advantage as a combination pasture and green-manure crop by pasturing it in 
the fall of the first year and plowing it down for corn in the spring of the second 
year. If it is shown by tests that the soil is acid, an application of limestone 
should be applied before attempting to grow sweet clover or alfalfa. 


Yellow-Gray Silt Loam Over Gravel (1536) 


Yellow-Gray Silt Loam Over Gravel occurs chiefly just north of Sterling, 
along Elkhorn creek, and just north of Morrison, along Rock creek. It covers 
a total area of 3.70 square miles. The type is flat to undulating in topography. 
Underdrainage is good because of the presence of a sandy, gravelly substratum. 

The A, horizon to a depth of about 6 inches is a brownish yellow to grayish 
yellow silt loam. The A, horizon, about 12 inches in thickness, is a slightly 
grayish yellow silt loam. The B horizon, extending to a depth of about 30 inches, 
is a fairly compact, lightly mottled, yellow, silty clay loam. The C horizon is 
a friable, mottled, yellow silt loam, spotted with brownish yellow and red iron 
stains. It rests upon a sandy, gravelly subsoil which varies in depth from 45 
to 60 inches below the surface. 

Management.—The acidity tests made on this type indicate in general the 
need for an application of limestone at the rate of about 2 tons an acre for sweet 
clover. This soil is well adapted to alfalfa following the application of limestone. 
Experience indicates that the application of one-half to one ton of rock phosphate 
for alfalfa is a profitable practice; or acid phosphate may be used, applying it 
after plowing at the rate of 600 or 800 pounds an acre. Following the increase 
in the nitrogen and organic matter in this soil thru the use of legumes, any of 
the general farm crops common to the region may be grown successfully. 
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Brown Silt Loam On Clay (1526.1) 

Brown Silt Loam On Clay occupies a total of only 1.55 square miles in 
Whiteside county. The largest area is located southwest of Prophetstown. The 
topography is flat, and effective underdrainage cannot be secured because of the 
presence of the impervious clay layer. 

The A, horizon, which is about 9 inches in thickness, is a medium to dark 
brown silt loam with a grayish east after the soil has become thoroly saturated 
and then dried. The A, horizon, extending to about 21 inches in depth, varies 
from a brown or yellowish brown silt lcam to a grayish brown silt loam. The B 
horizon, extending to a depth of about 34 inches, is a very sticky and compact, 
mottled, reddish yellow to drabbish yellow clay. The C horizon, below 34 inches, 
is a less compact, slightly friable, mottled, yellow silt loam. 

Management.—This type is medium acid and should have an application of 
at least 2 tons of limestone per acre. Surface drainage by means of open furrows 
and ditches is necessary. Sweet clover should be grown and plowed under the 
spring of the second year for corn. 


Brown-Gray Silt Loam On Tight Clay (1528) 

Brown-Gray Silt Loam On Tight Clay oecupies 4.17 square miles in White- 
side county. Nearly all of the areas of this type are located south of Prophets- 
town. It occurs in depressions or pockets that are not well drained. 

The A, horizon is about 7 inches in thickness and is a grayish brown silt 
loam. The A, horizon, extending to a depth of about 17 inches, is a brownish 
gray to gray silt loam. The B horizon is a sticky, plastic, compact, drab to gray 
clay. The C horizon oceurs below 28 or 30 inches. It is a gray to drab silt loam 
or silty clay loam spotted with yellow iron stains. 

Management.—This type is strongly acid and should receive about 4 tons 
of limestone per acre. Surface drainage must be.depended on to remove excess 
‘water. Sweet clover should be grown regularly. If handled in this way, Brown- 


Gray Silt Loam On Tight Clay will produce reasonably good crops of corn or 
the small grains. 


Brown Fine Sandy Loam (1571) 

Brown Fine Sandy Loam, Terrace, occurs most extensively in the terrace 
south of Rock river. The type lacks uniformity because of the wind deposition 
of the soil material. It varies in topography from slightly undulating to billowy. 
The type oceupies 13.56 square miles. 

The A, horizon is a light brown to a medium brown fine sandy loam, varying 
in thickness from about 4 to 9 inches. The A, horizon, where distinguishable, 
varies from a light brown or yellowish brown fine sandy loam to a sandy silt loam. 
The B horizon, extending from about 20 to 32 inches is in general a slightly 
compact, bright yellow, fine sandy silt loam or sandy loam. The C horizon below 
32 inches is a friable, grayish yellow to yellow fine sand. 


Management.—This type varies in acidity but ordinarily the surface is only 
slightly acid, while the lower horizons usually show a stronger acidity than the 
surface. It is a productive, easily worked soil and the friability of the subsoil 
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favors deep root penetration. The organic-matter and nitrogen contents should 
be increased thru the growth of legumes. F 


Black Mixed Loam (1550) 

Black Mixed Loam, Terrace, occurs in the low-lying, poorly drained: areas 
in the terrace and might properly be included in the swamp and bottom-land 
group instead of in the terrace group. The type covers 27.87 square miles, or 3.98 
percent of the area of the county. Its topography is flat but drainage is fairly 
well provided for by means of tile and open dredges. The streams in some of 
these dredge ditches are sluggish, owing to lack of proper fall and to the filling 
of the channels with silt and fine sand. 

The mixed nature of this type makes it impossible to write a description that 
will apply to the type as a whole. The surface varies from a brown or black silt 
loam to a black sandy clay loam or peaty loam. The subsurface varies in like 
manner but is usually somewhat heavier than the surface. The subsoil is gen- 
erally a plastic, compact, mottled, yellowish drab or drab clay loam. The subsoil 
is underlain with sand or gravel. 

Management.—This type is, for the most part, productive when properly 
‘ drained. Alkali occurs on some of the areas in sufficient concentration to be 
harmful. When such is the case, an application of potash will usually correct 
the condition. This soil is, for the most part, well supplied with nitrogen and 
organic matter, but provision should be made for plowing down some leguminous 
material at regular intervals. 


Black Sandy Loam (1561) 

Black Sandy Loam occurs in the terrace near Tampico. It occupies a total 
area of 22.36 square miles in Whiteside county. It is a type which has been 
developed under poor drainage and now occupies low-lying, nearly level areas. 
Within recent years most of the areas have been provided with drainage by 
means of tile, dredge ditches, and shallow, open ditches. One difficulty en- 
countered in draining this type is the filling of the ditches because of the loose 
character of the soil material and the small slope. 

The A, horizon, which is about 10 inches in thickness, is a black sandy loam. 
With drainage and cultivation, the color of this horizon changes with relative 
rapidity to brown because of the oxidation of the organic matter. The A, 
horizon, extending to about 22 inches, varies from a yellowish brown sandy loam 
to black sandy loam. The B horizon is a fairly compact, mottled drab or 
yellowish drab clay loam with a mixture of silt, sand, and, clay in varying pro- 
portions. This horizon is stained with yellow and red iron concretions. The 
C horizon, which occurs at a depth of about 34 inches, is a drab or gray sandy 
loam or sand. 

Management.—The organic matter and nitrogen are both low in this type. 
The lower horizons usually show somewhat more acidity than the surface and it 
is therefore advisable to apply somewhat more limestone than the test of the 
surface indicates. In general, about 2 tons of limestone an acre is needed. Fol- 
lowing the application of limestone, legumes should be given a regular place in 
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the rotation. Sweet clover is an excellent legume for this soil, both as a pasture 
and soil-improving crop. 

This type has a tendency to be drouthy. This fact makes it better adapted 
to small grain than to corn. | 


Brown-Gray Sandy Loam On Tight Clay (1568) 

Brown-Gray Sandy Loam On Tight Clay occurs south of Rock river. For- 
tunately it is not extensively developed, occupying a total of about 4144 square 
miles. It is found on areas slightly lower than those of adjacent soil types. It 
is flat in topography and is not well drained. 

The A, horizon, which is about 8 inches in thickness, is a grayish brown 
sandy loam. The As horizon, extending to a depth of about 22 inches, is a gray 
sandy loam. The B horizon, which is 8 or 9 inches in thickness, is a plastic, 
compact, gray sindy clay. The material below 30 or 32 inches is a medium- 
erained sand, drabbish gray to white in color, and spotted with yellow and red 
iron stains. 


Management.— Additional drainage is necessary in many of the areas of this 
type. In placing tile, the joints must be carefully made in order to keep out silt 
and fine sand which are particularly troublesome in this type. Black Sandy ~ 
Loam is commonly alkaline and in many areas the alkali is sufficiently concen- 
trated to be harmful. This unfavorable condition can be remedied by using 
potash. The organic-matter content of this type is still high in most of the areas 
but it is resistant to decay and therefore the addition of fresh leguminous material 
is beneficial. 


Brown Sandy Loam (1560) 

Brown Sandy Loam, Terrace, is extensively developed and fairly well dis- 
tributed over the terrace with extensive areas in the southeastern part of the 
county. It occupies 86.57 square miles, or practically 14 of the area of the county. 
Its topography varies from flat to slightly undulating, the irregularity being due 
to the formation of low sand dunes over which finer material has been deposited. 
Drainage of the type is, for the most part, good. 

The A, horizon, which is about 8 inches in thickness, is a brown sandy loam. 
The A, horizon, extending to 19 or 20 inches in depth, is a yellowish brown sandy 
silt loam or sandy loam. The B horizon is a friable yellow sandy loam or sand, 
becoming an incoherent mass of yellow sand below 32 to 35 inches. 


Management.—Furrows and open ditches must be depended on for the 
drainage of this type. Most of it requires 3 or 4 tons of limestone an acre. Sweet 
clover does well following the limestone application. 


Yellow-Gray Sandy Loam (1564) 

Yellow-Gray Sandy Loam, is undulating in topography and is found in small 
areas along Rock river. The type occupies a total of only 461 acres. It is 
similar to Yellow-Gray Silt Loam Over Gravel except that it is coarser in texture. 
The areas of this type are so small that ordinarily they should be managed in 
the same way as the adjoining types. 
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Dune Sand (1581) 

Dune Sand is widely distributed thruout the terraces in Whiteside county. 
~The dunes vary in altitude from 2 or 3 feet to 25 or 30 feet above the adjacent 
types and cover a total area of 33.25 square miles. Many ‘‘blowouts’’ have been 
formed where the wind has had an opportunity to drift the sand. The topography 
varies from undulating to billowy or rolling. 

The surface in places shows a slight accumulation of organic matter and in 
general is a brownish yellow sand. This darker surface may extend to a depth 
of 3 or 4 inches. Below this thin surface horizon the material is an incoherent 

* mass of yellow sand. 

Management.—This type in its natural condition represents, for the most 
part, a barren waste. It varies somewhat, however, in its potential agricultural 
value according to the texture of the sand. There are portions of the type that 


Fic. 2.—RECLAIMING A SAND DUNE THRU REFORESTATION 


At one end of the dune seen in the distance the barren waste of shifting sand has been 
transformed into a fine grove of trees while the other portion of the dune remains in its 
natural desolation. This is the work of Mr. A. N. Abbott, of Morrison, Illinois. 


are susceptible of considerable improvement thru soil treatment, as demonstrated 
on the Oquawka experiment field in Henderson county. On this field fair crops 
of corn, wheat, rye, soybeans, alfalfa, and sweet clover are being produced by the 
application of limestone and organic manures. The results of this work on the 
Oquawka field are discussed in greater detail on page 59. 

Even the shifting dunes, which are ordinarily considered as absolutely waste 
land, have been shown to be susceptible of reclamation thru forestation. In See- 
tion 31, Township 22 North, Range 4 Hast, reforestation has been thoroly demon- 
strated as a success. Following the planting of locust trees, blue-grass starts and 

_ does well, increasing the pasture value of the land many times. 


Black Clay Loam (1520) 
Black Clay Loam, Terrace, is a minor type in Whiteside county. It occupies 
a total of only 109 acres and occurs in small, scattered areas. The topography 
\ is flat. Drainage is fair. 
The A, horizon, which is about 7 inches thick, is a plastic, black clay loam. 
The A, horizon, 8 to 18 inches, is a plastic, drabbish black to drab clay loam. The 
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B horizon, to a depth of about 32 inches, is a plastic, fairly compact, drabbish 
black clay, spotted with red iron concretions. Below 32 inches, a fairly plastic, 
friable, grayish drab to drab sandy clay or clay loam occurs. is strongly 
spotted with yellow and brown iron stains. 

Management.—Black Clay Loam, Terrace, is frequently alkaline. The alkali 
may or may not be sufficiently concentrated to require the use of potash to over- 
come its harmful effects. It is essential to maintain a good supply of organic 
matter in this soil, otherwise it becomes very difficult to farm. 


SWAMP AND BOTTOM-LAND SOILS 


This group includes the bottom lands along Mississippi and Rock rivers and 
their tributaries, and the swamps and poorly drained lowlands. The soil material 
is of alluvial origin, and the land is largely subject to overflow. These swamps 
were once lakes or a part of the preglacial river channels. The total area of this 
group, consisting of ten soil types, is 161.56 square miles, or nearly one quarter 
of the area of the county. 


Deep Brown Silt Loam (1426) 

Deep Brown Silt Loam occupies a total area of 28.53 square miles in White- 
side county. Practically all of this type is located along Rock river and south 
of Cattail slough. The topography of this type is not so uniformly flat as is com- 
mon for bottom-land soil because of the presence of long depressions which mark 
previous stream beds. 

Deep Brown Silt Loam does not show distinct horizon development because 
of its youth. The surface varies considerably in color and texture but in general 
is a brown silt loam. Ata depth of 8 or 10 inches the texture becomes finer and 
the color darker, and ordinarily a drab eclor appears at about 30 inches in depth. 
The drab-colored material is discolored with reddish yellow iron stains. 

Management.—This type for the most part is subject to overflow. It needs 
no treatment other than good tillage. It is a productive soil and its productivity 
is maintained by the sediment deposited at each overflow. 


Brown Mixed Loam (1454) 

Brown Mixed Loam occupies 24.07 square miles, or 3.43 percent of the county 
and is found for the most part along the small streams. This type, as mapped, 
is made up of a number of distinct soils varying in texture from silts to sandy 
Joams and in color from grayish yellow to brown or black. It is not practicable to 
separate these various soils because they occur in very small areas and also because 
much of the type is subject to overflow and is being constantly changed. 


Management.—Brown Mixed Loam is a good soil but it is not so consistently 
good as Deep Brown Silt Loam because of the presence of patches of sandy soil. 
Sinee it is subject to overflow, no fertilizer treatment is advised. 


Brown Loam (1451) 
Brown Loam is the most extensive bottom-land type in Whiteside county: It 
occupies a total of 33.78 square miles and oceurs for the most part along Rock 
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river below Prophetstown. The topography of this type is flat to slightly undu- 
lating. The irregularities in topography are due to the work of streams during 
periods of overflow. The type, as mapped, is rather diverse and therefore only 
a very generalized description of it is possible. It is only within recent years 
that Brown Loam has been placed under cultivation. 

The surface soil to a depth of 5 or 6 inches is commonly a brown loam, but 
varies from silt loam or clay loam to fine sandy loam. Below this surface 5 or 6 
inches the material is usually somewhat lighter in color and varies greatly in 
texture. At a depth of about 18 or 20 inches a rather compact and plastic drab 
or black clay loam occurs. This heavy layer is ordinarily not over 6 or 8 inches 
thick. Below this heavy layer the material is sandier and at a depth of 28 to 32 
inches gray, white, or yellow sand occurs. 


Management.—The type drains fairly well if suitable outlets can be obtained. 
Many areas are left in permanent pasture; however, some portions of the type 
give good returns when cropped. The periodic overflows usually cover this with 
sediment; therefore no fertilizer treatment is advised. 


Brown Sandy Loam (1460) 

Brown Sandy Loam, Bottom, occurs along the Mississippi and Rock rivers 
and occupies a slightly higher elevation than the adjacent bottom-land types. 
The type covers a total area of practically 23 square miles. Its topography varies 
from flat.to slightly undulating. The undulations are due to wind action which 
piles the sandy material in low ridges. 

Horizons are not well developed over much of this type and it is rather 
diverse in character. The surface is commonly brown sandy loam and below the 
surface layer the material becomes sandier. Coarse sand or gravel is not un- 
common at a depth of 35 to 45 inches. 


Management.—This type varies in acidity. Some portions of it require no 
limestone and ordinarily not over 2 tons are required where it is acid. Overflow 
is common. Areas which are not subject to overflow may be managed as advised 
for Brown Sandy Loam, Terrace, page 24. 


Black Clay Loam (1420) 

Black Clay Loam, Bottom, occurs in the western part of the county and 
occupies a total of only 2.41 square miles. It is flat in topography and occurs 
in depressions in the bottom land. Its drainage is poor on account of the lack 
of proper outlets. 

The surface, to a depth of about 7 inches, is a black silty clay loam or clay 
loam. Below this surface layer, a plastic, black clay loam usually occurs. Ata 
depth of about 18 or 20 inches the color is drabbish black, and at about 30 inches 
it is gray or drab. 

Management.—This type contains alkali, frequently in sufficient amounts 
to be harmful to crops. When this condition exists, potash may be used to 
correct it. Particular care should be used in maintaining a good supply of fresh 
organic matter, as this heavy soil is rather difficult to keep in good physical con- 
dition. Additional drainage is necessary on some of the areas. 
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Yellow Fine Sandy_Silt Loam (1445) 

Yellow Fine Sandy Silt Loam, commonly called ‘‘bluff wash,’’ oceurs as out- 
wash from the upland loessial deposits. It is a recent formation and océurs as a 
fan-like deposit on the bottom land at the mouth of small streams. ! This type 
occupies a total area of 6.64 square miles. The topography is usually gently 
sloping and drainage is fair. 

This deposit is so recent that little or no horizon development ean be observed 
with the exception of a slight darkening of the surface to a depth of 6 or 8 inches. 
The color of the surface is light brown or yellowish brown. The texture of the 
deposit is variable but is usually a fine sandy silt loam. 

Management.—This type is well supplied with carbonates and is an excellent 
alfalfa and sweet clover soil. It is not well supplied with nitrogen and organic 
matter but these constituents are easily built up because of the caleareous nature 
and productivity of the type. No fertilizer treatment is advised, at least until 
a good organic-matter supply has been built up thru the use of clovers. 


Deep Peat (1401) 

Deep Peat occupies 14.6 square miles, or about 2 percent of the area of the 
county. The largest area is-found in Cattail slough extending from east of 
Fulton to Fenton Junction in what was originally an old channel of the Missis- 
sippi river. The type is flat in topography and originated in low-lying areas 
which were continuously wet, thus favoring the growth and accumulation of 
organic matter. 

The surface to a depth of about 6 inches is black, well-deecomposed peat 
containing charred remnants of sedges. The material below this surface layer 
to a depth of about 22 inches is usually a light brown, finely fibrous peat con- 
taining bands of shells. Below this depth the color is reddish brown and the 
plant material is well preserved. 

Management-—The first consideration in bringing an area of Deep Peat 
under cultivation is that of providing good drainage. Potash is needed on this 
soil, and potassium sulfate at the rate of 100 to 150 pounds an acre may be 

‘applied for corn just before planting. 

Deep Peat is a good trucking soil and is used extensively for that purpose. 
For results of field experiments on this type see the account of Manito field, 
page 61. 


Medium Peat On Clay (1402) 

Medium Peat On Clay is of minor importance in Whiteside county, the type 
occupying a total of less than one square mile. 

The surface, to a depth of about 2 inches, is well-decomposed black peat. 
Below this depth the color is usually brown. The clay substratum occurs at a 
depth of 15 to 30 inches. The upper part of the clay is black in color and the 
lower part, usually starting at a depth of 25 to 35 inches, is gray. 

Management.—Good drainage must be provided for this type. It is not so 
deficient in potash as is Deep Peat, but this material is frequently needed because 


| 
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of alkali. No special treatment other than improvement of the drainage and use 
of potash on the alkali spots is advised for the present. 


Peaty Loam (1410) 

Peaty Loam occupies nearly 20 square miles and, as mapped, is widely dis- 
tributed thruout the terraces. The type was formerly swampy, poorly drained, 
and uncultivated. Within recent years tile and dredge-ditch drainage, together 
with cultivation, have promoted rapid decay of the peaty material. This, to- 
gether with the deposition of sand from adjacent sandy areas, has resulted in 
changing many areas of the type to Black Sandy Loam or even to Brown Sandy 
Loam. However, some areas of true Peaty Loam still remain. 

On the remaining areas of Peaty Loam the surface to a depth of about 6 
inches is peaty loam. Below this surface stratum to a depth of about 20 inches 
the material varies from peaty loam to black sandy loam. Below 20 inches 
slightly compact, gray to yellow sand with some clay and silt occurs, while below 
30 inches the material is usually grayish yellow or yellow sand. 

Management.—Peaty Loam is usually alkaline, and potash is needed. 
Potassium chlorid or potassium sulfate should be applied for the corn crop at 
the rate of 100 to 150 pounds an acre. No treatment in addition to this is advised 
for the present. The field experiments at Tampico are of interest in this con- 
nection and an account of them is given on page 63. 


Black Mixed Loam (1450) 

Black Mixed Loam, Bottom, was formed in low, poorly drained areas. Within 
recent years most of the areas of this type have been drained so that crops can be 
grown on them. The type occupies a total area of 8.28 square miles. 

‘The surface, extending to a depth of about 8 inches, varies from black clay 
loam to black sandy or peaty loam. Below this to a depth of about 24 inches the 
material varies from black silt loam to black clay loam and contains an appre- 
ciable amount of sand. Plastic, drab clay occurs below about 24 inches. 

Management.—Black Mixed Loam is, for the most part, productive. It 
contains patches ‘of alkali and some areas are not well drained. These poorly 
drained areas are left in permanent pasture. 


RESIDUAL SOILS 
Rock Outcrop (099) 


Limestone Outerop occupies a total area of 77 acres in Whiteside county. 
It occurs, for the most part, along the Mississippi river bluffs. For further in- 
formation concerning limestone in Whiteside county, the reader is referred to 
Bulletin No. 46, Limestone Resources of Illinois, issued by the State Geological 
Survey, Urbana.” 


APPENDIX 


EXPLANATIONS FOR INTERPRETING THE SOIL SURVEY 
CLASSIFICATION OF SOILS 


In order to interpret the soil map intelligently, the reader must understand 
something of the method of soil classification upon which the survey is based. 
Without going far into details the following paragraphs are intended to furnish 
a brief explanation of the general plan of classification used. 

The soil type is the unit of classification. Hach type has definite character- 
istics upon which its separation from other types is based. These characteristics 
are inherent in the strata, or ‘‘horizons,’’ which constitute the soil profile in all 
mature soils. Among them may be mentioned color, structure, texture, and 
chemical composition. Other items, such as native vegetation (whether timber 
or prairie), topography, and geological origin and formation, may assist in the 
differentiation of types, altho they are not fundamental to it. 

Since some of the terms used in designating the factors which are taken into 
account in establishing soil types are technical in nature, the following definitions 
are introduced : 


Horizon. A layer or stratum of soil which differs discernibly from those adjacent in 
color, texture, structure, chemical composition, or a combination of these characteristics, is 
called an horizon. In describing a mature soil, three horizons designated as A, B, and C 
are usually considered. 

A designates the upper horizon and, as developed under the conditions of a humid, tem- 
perate climate, represents the layer of extraction or eluviation; that is to say, material in 
solution or in suspension has passed out of this zone thru the processes of weathering. 

B represents the layer of concentration or illuviation; that is, the layer developed as a 
result of the accumulation of material thru the downward movement of water from the A 
horizon. 

C designates the layer lying below the B horizon and in which the material has been less 
affected by the weathering processes. 

Frequently differences within a stratum or zone are discernible, in which case it is “sub- 
divided and described under such designations as A, and A,, B, and B,, ete. 

Soil Profile. The soil section as a whole is spoken of as the soil profile. 

Depth and Thickness. The horizons or layers which make up the soil profile vary in 
depth and thickness. These variations are distinguishing features in the separation of soils 
into types. 

Physical Composition. The physical composition, sometimes referred to as ‘‘texture,’’ 
is a most important feature in characterizing a soil. The texture depends upon the relative 
proportions of the following physical constituents: clay, silt, fine sand, sand, gravel, stones, 
and organic material. 

Structure. The term ‘‘structure’’ has reference to the aggregation of particles within 
the soil mass and carries such qualifying terms as open, granular, compact, columnar, 
laminated. 

Organic-Matter Content. The organic matter of soil is derived largely from plant tissue 
and it exists in a more or less advanced stage of decomposition. Organic matter forms the 
predominating constituent in certain soils of swampy formation. 

Color. Color is determined to a large extent by the proportion of organic matter, but 
at the same time it is modified by the mineral constituents especially by iron compounds. 

Reaction. The term ‘‘reaction’’ refers to the chemical state of the soil with respect to 
acid or alkaline condition. It also involves the idea of degree, as strongly acid or strongly 
alkaline. . 

Carbonate Content. The carbonate content has reference to the calcium carbonate 
(limestone) present, which in some cases may be associated with magnesium or other ecar- 
bonates. The depth at which carbonates are found may become a very important factor 
in determining the soil type. 


Topography. Topography has reference to the lay of the land, as level, rolling, hilly, ete. 
30 
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Native Vegetation. The vegetation or plant growth before being disturbed by man, as 
prairie grasses and forest trees, is a feature frequently recognized in differentiating soil 
eet Origin. Geological origin involves the idea of character of rock materials 
composing the soil as well as the method of formation of the soil material. 

Not infrequently areas are encountered in which type characters are not 
distinetly developed or in which they show considerable variation. When these 
variations are considered to have sufficient significance, type separations are made 
provided the areas involved are sufficiently large. Because of the almost infinite 
variability occurring in soils, one of the exacting tasks of the soil surveyor is to 
determine the degree of variation which is allowable for any given type. 

Classifying Soil Types.—In the system of classification used, the types fall 
first into four general groups based upon their geological relationships; namely, 
upland, terrace, swamp and bottom land, and residual. These groups may be 
subdivided into prairie soils and timber soils, altho as a matter of fact this sub- 
division is applied in the main only to the upland group. These terms are all 
explained in the foregoing part of this report in connection with the description 
of the particular soil types. 

Naming and Numbering Soil Types——tIn the Illinois soil survey a system of 
nomenclature is used which is intended to make the type name convey some idea 
of the nature of the soil. Thus the name ‘‘Yellow-Gray Silt Loam”’ carries,in 
itself a more or less definite description of the type. It should not be assumed, 
however, that this system of nomenclature makes it possible to devise type names 
which are adequately descriptive, because the profile of mature soils is usually 
made up of three or more horizons and it is impossible to deseribe each horizon 
in the type name. The color and texture of the surface soil are usually included 
in the type name and when material such as sand, gravel, or rock lies at a depth 
of less than 30 inches, the fact is indicated by the word ‘‘On,’’ and when its depth 
exceeds 30 inches, by the word ‘‘Over,’’ for example, Brown Silt Loam On 
Gravel, and Brown Silt Loam Over Gravel. 

As a further step in svstematizing the listing of the soils of Illinois, recog- 
nition is given to the location of the types with respect to the geological areas 
in which they oeeur. According to a geological survey made many years ago, 
the state has been divided into seventeen areas with respect to geological forma- 
tion and, for the purposes of the soil survey, each of these areas has been assigned 
an index number. The names of the areas together with their general location 
and their corresponding index numbers are given in the following list. 


000 Residual, soils formed in place thru disintegration of rocks, and also rock outcrop 

100 Unglaciated, including three areas, the largest being in the south end of the state 

200 Illinoisan moraines, including the moraines of the Illinois glaciations 

300 Lower Illinoisan glaciation, formerly considered as covering nearly the south third of the 
state 

400 Middle Illinoisan glaciation, covering about a dozen counties in the west-central part of 
the state 

500 Upper Illinoisan glaciation, covering about fourteen counties northwest of the middle 
Ilinoisan glaciation 

600 Pre-Iowan glaciation, but now believed to be part of the upper Illinoisan 

700 Lowan glaciation, lying in the central northern end of the state 

800 Deep loess areas, including a zone a few miles wide along the Wabash, Llinois, and 
Mississippi rivers 

900 Karly Wisconsin moraines, including the moraines of the early Wisconsin glaciation 

1000 Late Wisconsin moraines, including the moraines of the late Wisconsin glaciation 
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1100 Karly Wisconsin glaciation, covering the greater part of the northeast quarter of the 
state 

1200 Late Wisconsin glaciation, lying in the northeast corner of the state 

1300 Old river-bottom and swamp lands, formed by material derived from the Illinoisan or 
older glaciations 

1400 Late river-bottom and swamp lands, formed by material derived from the NWiseonsin and 
Towan glaciations 

1500 Terraces, bench or second bottom lands, and gravel outwash plains 

1600 Lacustrine deposits, formed by Lake Chicago, the enlarged glacial Lake Michigan 


Further information regarding these geological areas is given in connection 
with the general map mentioned above and published in Bulletin 123 (1908). 

Another set of index numbers is assigned to the classes of soils as based 
upon physical composition. The following list contains the names of these classes 
with their corresponding index numbers. 


Index Number Limits Class Names 

OGGs SO iors eis eat nivcloleie aretnngretietensustat tert tater Peats 
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As a convenient means of designating types and their location with respect 
to the geological areas of the state, each type is given a number made up of a 
combination of the index numbers explained above. This number indicates the 
type and the geological area in which it occurs. The geological area is always 
indicated by the digits of the order of hundreds while the remainder of the 
number designates the type. To illustrate: the number 1126 means Brown Silt 
Loam in the early Wisconsin glaciation, 434 means Yellow-Gray Silt Loam of the 
middle Illinoisan glaciation. These numbers are especially useful in designating 
very small areas on the map and as a check in reading the colors. 

A complete list of the soil types occurring in each county, along with their 
corresponding type numbers and the area covered by each type, will be found 
in the respective county soil reports in connection with the maps. 


SOIL SURVEY METHODS 


Mapping of Soil Types.—In conducting the soil survey, the ‘county consti- 
tutes the unit of working area. The field work is done by parties of two to four 
men each. The field season extends from early in April to the last of November. 
During the winter months the men. are engaged in preparing a copy of the soil 
map to be sent to the lithographer, a copy for the use of the county farm adviser 
until the printed map is available, and a third copy for use in the office in order to 
preserve the original official map in good condition. 

An accurate base map for field use is necessary for soil mapping. These 
maps are prepared on a scale of one inch to the mile, the official data of the 
original or subsequent land survey being used as the basis in their construction. 
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Each surveyor is provided with one of these base maps, which he carries with 
him in the field; and the soil type boundaries, together with the streams, roads, 
railroads, canals, town sites, and rock and gravel quarries are placed in their 
proper location upon the map while the mapper is on the area. With the rapid 
development of road improvement during the past few years, it is almost in- 
evitable that some recently established roads will not appear on the published 
soil map. Similarly, changes in other artificial features will occasionally occur 
in the interim between the preparation of the map and its publication. The 
detail or minimum size of areas which tire shown on the map varies somewhat, 
but in general a soil type if less than five acres in extent is not shown. 

Sampling for Analysis —After all the soil types of a county have been located 
and mapped, samples representative of the different types are collected for 
chemical analysis. The samples for this purpose are usually taken in three 
depths; namely, 0 to 624 inches, 624 to 20 inches, and 20 to 40 inches, as ex- 


x 


plained in connection with the discussion of the analytical data on page 6. 


PRINCIPLES OF SOIL FERTILITY 


Probably no agricultural fact is more generally known by farmers and land- 
owners than that soils differ in productive power. <A fact of equal importance, 
not so generally recognized, is that they also differ in other characteristics such 
as response to fertilizer treatment and to management. 

The soil is a dynamic, ever-changing, exceedingly complex substance made 
up of organie and inorganic materials and teeming with life in the form of 
microorganisms. Because of these characteristics, the soil cannot be considered 
as a reservoir into which a given quantity of an element or elements of plant 
food ean be poured with the assurance that it will respond with a given increase 
in crop yield. Ina similar manner it cannot be expected to respond with perfect 
uniformity to a given set of management standards. To be productive a soil 
must be in such condition physically with respect to structure and moisture as 
to encourage root development; and in such condition chemically that injurious 
substances are not present in harmful amounts, that a sufficient supply of the 
elements of plant food become available or usable during the growing season, 
and that lime materials are present in sufficient abundance favorable for the 
growth of the higher plants and of the beneficial microorganisms. Good soil 
management under humid conditions involves the adoption of those tillage, erop- 
ping, and fertilizer treatment methods which will result in profitable and per- 
manent crop production on the soil type concerned. 

The following paragraphs are intended to state in a brief way some of the 
principles of soil management and treatment which are fundamental to profitable 
and continued productivity. 


CROP REQUIREMENTS WITH RESPECT TO PLANT-FOOD MATERIALS 

Ten of the chemical elements are known to be essential for the growth of 
the higher plants. These are carbon, hydrogen, oxygen, nitrogen, phosphorus, 
sulfur, potassium, calcium, magnesium, and iron. Other elements are absorbed 
from the soil by growing plants, including manganese, silicon, sodium, aluminum, 
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chlorin, and boron. It is probable that these latter elements are present in 
plants for the most part, not because they are required, but because they are 
dissolved in the soil water and the plant has no means of preventing their 
entrance. There is some evidence, however, which indicates that certain of these 
elements, notably manganese, silicon, and boron, may be either essential but 
required in only minute quantities, or very beneficial to plant growth under 
certain conditions, even tho not essential. Thus, for example, manganese has 
produced marked increases in crop yields on heavily limed soils. Sodium also 
has been found capable of partially reyflacing potassium in case of a shortage 
of the latter element. 


TABLE :3.—PLANT-Foop ELEMENTS IN COMMON FARM Crops! 


Produce Phos- Potas- | Magne- 
Nitrogen} phorus | Sulfur sium sium |Caleium} Iron 
Kind Amount 
lbs. lbs. lbs. lbs. lbs. lbs. lbs. 
Wheat, grain...... 1 bu. 1.42 .24 .10 26 .08 .02 .O1 
Wheat straw...... 1 ton 10.00 1.60 2.80 18.00 1.60 3.80 .60 
Corn fgrainee. lee 1 bu. 1.00 silgs .08 .19 07 JO -O1 
Corn stover.......} 1 ton 16.00 2.00 2.42 17.33 3.33 7.00 1.60 
Cormnmicobsmamne es 1 ton 4.00 ak ag 4.00 ae BS ee 
Oats erat ace 1 bu. .66 aA! 06 .16 04 .02 .O1 
Ostystra woes. a4 1 ton 12.40 2.00 4.14} 20.80 2.80 6.00 1.12 
Clover seed....... 1 bu. 1.75 .50 Lewie 75 .25 .13 aa 
Clover hay....... 1 ton 40.00 5.00 3.28 30.00 rks 29.25 1.00 
Soybean seed... .. 1 bu. 3.22 .39 Pays 1.26 15 .14 
Soybean hay......| 1 ton 43.40 4.74 5.18 | 35.48 13.84 | 27.56 
Alfalfashave, smects o | 1 ton 52.08 4.76 5.96 16.64 8.00 22.26 


1These data are brought together from various sources.. Some allowance must be made for 
the exactness of the figures because samples representing the same kind of crop or the same kind 
of material frequently exhibit considerable variation. 


Table 5 shows the requirements of some of our most common field crops with 
respect to seven important plant-food elements furnished by the soil. The figures 
show the weight in pounds of the various elements contained in a bushel or in a 
ton, as the case may be. From these data the amount of an element removed 
from an acre of land by a crop of a given yield can easily be computed. 


PLANT-FOOD SUPPLY 


Of the elements of plant food, three (carbon, oxygen, and hydrogen) are 
secured from air and water, and the others from the soil. Nitrogen, one of the 
elements obtained from the soil by all plants, may also be secured from the air 
by the class of plants known as legumes, in case the amount liberated from the 
soil is insufficient; but even these plants, which include only the clovers, peas, 
beans, and vetches among our common agricultural plants, are dependent upon 
the soil for the other six elements (phosphorus, potassium, magnesium, calcium, 
iron, and sulfur), and they also utilize the soil nitrogen so far as it’ becomes 
soluble and available during their period of growth. . 
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TaBLE 6.—PLANt-Foop ELEMENTS IN Manure, RoucH FreEps, AND FERTILIZERS! 


Pounds of plant food per ton 
Material of material 
Nitrogen Phosphorus Potassium 
ERG UB STPRIEN TED PTUEE le of0k «5.075, dies eine Hi do tie oieiellecs 10 2 8 
USGI SVONOE oo GN oe 16 2 17 
Oy Susnin 2A, 2 12 2 21 
WVIAC ARMOUR ARN EAs kc... foie sicleis nels aiviees dv vla’s 10 2 18 
ONC ee ES SL Oral S clerirens Geel eee ofele cee 40 5 30 
SI CAROT. Wii oO ee ee 43 5 33 
DAVEE, (RCS) 2-0 he ea eR 50 4 24 
Sweet clover (water-free basis)?................. 80 8 28 
iD yataye! (al ove Se a a OS meal) emo eS OE tii) ia hes 
Sloe l ele, Tiga eS a ra SLO tare We potas tea a os Se 
AUINGATERGBUNE AGE) sb. ay swiss whe Tae ec ee ces AOOM das: (he > Seren et 
Thai (kone Toyah Se 80 IES Oa CR at te 
ehisciee’ scl [lene 0s\:| 20 PASO IVE te (AP meh eeG 
ARORA DORON GE) 2/55. <)cjscceleciscewtrneseee{> ose: 200 te eet asc 
Nera] OU esa MTN Se 9) cr a ae (ct ara 12D ete whet 
LPgthacsy oni COREG y, SUS IS ies Gee re ae 850 
GH SSI STNG oad ge ee ane a 850 
i eet ee Ne  acligie cf -- eawtine | [ot oie ae 200 
Wioodeasnesstumleached). 2... 00.005. cee ae ewes 10 100 


1See footnote to Table 5. 
2Young second-year growth ready to plow under as green manure. 
3Wood ashes also contain about 1,000 pounds of lime (calcium carbonate) per ton. 


The vast difference with respect to the supply of these essential plant-food 
elements in different soils is well brought out in the data of the Illinois soil 
survey. For example, it has been found that the nitrogen in the surface 674 
inches, which represents the plowed stratum, varies in amount from 180 pounds 
per acre to more than 35,000 pounds. In like manner the phosphorus content 
varies from about 320 to 4,900 pounds, and the potassium ranges from 1,530 to 
about 58,000 pounds. Similar variations are found in all of the other essential 
plant-food elements of the soil. 

With these facts in mind it is easy to understand how a deficiency of one 
of these elements of plant food may become a limiting factor of crop production. 
When an element becomes so reduced in quantity as to become a limiting factor 
of production, then we must look for some outside source of supply. Table 6 
is presented for the purpose of furnishing information regarding the quantity 
of some of the more important plant-food elements contained in materials most 
commonly used as sources of supply. 


LIBERATION OF PLANT FOOD 


The chemical analysis of the soil gives the invoice of plant-food elements 
actually present in the soil strata sampled and analyzed, but the rate of libera- 
tion is governed by many factors, some of which may be controlled by the farmer, 
while others are largely beyond his control. Chief among the important con- 
trollable factors which influence the liberation of plant food are the choice of 
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crops to be grown, the use of limestone, and the incorporation of organic matter. 
Tillage, especially plowing, also has a considerable effect in this connection. 


Feeding Power of Plants.—Different species of plants exhibit a very great 
diversity in their ability to obtain plant food directly from the insoluble minerals 
of the soil. As a class, the legumes—especially such biennial and perennial 
legumes as red clover, sweet clover, and alfalfa—are endowed with unusual 
power to assimilate from mineral sources such elements as calcium and phos- 
phorus, converting them into available forms for the crops that follow. For this 
reason it is especially advantageous to employ such legumes in connection with 
the application of limestone and rock phosphate. Thru their growth and subse- 
quent decay large quantities of the mineral elements are liberated for the benefit 
of the cereal crops which follow in the rotation. Moreover, as an effect of the 
deep-rooting habit of these legumes, mineral plant-food elements are brought up 
and rendered available from the vast reservoirs of the lower subsoil. 

Effect of Limestone.—Limestone corrects the acidity of the soil and supplies 
calcium, thus encouraging the development not only of the nitrogen-gathering 
bacteria which live in the nodules on the roots of clover, cowpeas, and other 
legumes, but also the nitrifying bacteria, which have power to transform the 
unavailable organic nitrogen into available nitrate nitrogen. At the same time, 
the products of this decomposition have power to dissolve the minerals contained 
in the soil, such as potassium and magnesium compounds. 

Organic Matter and Biological Action Organic matter may be supplied 
thru animal manures, consisting of the excreta of animals and usually aecom- 
panied by more or less stable litter; and by plant manures, including green- 
manure crops and cover crops plowed under, and also crop residues such as stalks, 
straw, and chaff. The rate of decay of organic matter depends largely upon its 
age, condition, and origin, and it may be hastened by tillage. The chemical 
analysis shows correctly the total organic carbon, which constitutes, as a rule, 
but little more than half the organic matter; so that 20,000 pounds of organic 
carbon in the plowed soil of an acre corresponds to nearly 20 tons of organic 
matter. But this organic matter consists largely of the old organic residues that 
have accumulated during the past centuries because they were resistant to decay, 
and 2 tons of clover or cowpeas plowed under may have greater power to Hberate 
plant-food materials than 20 tons of old, inactive organic matter. The history of 
the individual farm or field must be depended upon for information concerning 
recent additions of active organic matter, whether in applica of farm manure, 
in legume crops, or in sods of old pastures. 

The condition of the organic matter of the soil is indicated to some extent 
by the ratio of carbon to nitrogen. Fresh organic matter recently incorporated 
with the soil contains a very much higher proportion of carbon to nitrogen than 
do the old resistant organic residues of the soil. The proportion of carbon to 
nitrogen is higher in the surface soil than in the corresponding subsoil, and in 
general this ratio is wider in highly productive soils well charged with active 
organic matter than in very old, worn soils badly in need of active organic matter. 

The organic matter furnishes food for bacteria, and as it decays certain 
decomposition products are formed, including much carbonic acid, some nitrous 
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acid, and various organic acids, and these acting upon the soil have the power to 
dissolve the essential mineral plant foods, thus furnishing available phosphates, 
nitrates, and other salts of potassium, magnesium, calcium, ete., for the use of 
the growing crop. 

Effect of Tillage.—tTillage, or cultivation, also hastens the liberation of plant- 
food elements by permitting the air to enter the soil. It should be remembered, 
however, that tillage is wholly destructive, in that it adds nothing whatever to 
the soil, but always leaves it poorer, so far as plant-food materials are concerned. 
Tillage should be practiced so far as is necessary to prepare a suitable seed bed 
for root development and also for the purpose of killing weeds, but more than 
this is unnecessary and unprofitable; and it is much better actually to enrich 
the soil by proper applications of limestone, organic matter, and other fertilizing 
materials, and thus promote soil conditions favorable for vigorous plant growth, 
than to depend upon excessive cultivation to accomplish the same object at the 
expense of the soil. 


PERMANENT SOIL IMPROVEMENT 


According to the kind of soil involved, any comprehensive plan contemplat- 
ing a permanent system of agriculture will need to take into account some of the 
following considerations. 


The Application of Limestone 


‘The Function of Limestone——tIn considering the application of limestone 
to land it should be understood that this material functions in several different 
ways, and that a beneficial result may therefore be attributable to quite diverse 
causes. Limestone provides calcium, of which certain crops are strong feeders. 
It corrects acidity of the soil, thus making for some crops a much more favorable 
environment as well as establishing conditions absolutely required for some of 
the beneficial legume bacteria. It accelerates nitrification and nitrogen fixation. 
It promotes sanitation of the soil by inhibiting the growth of certain fungous 
_diseases, ‘such as corn-root rot. Experience indicates that it modifies either 
directly or indirectly the physical structure of fine-textured soils, frequently to 
their great improvement. Thus, working in one or more of these different ways, 
limestone often becomes the key to the improvement of worn lands. 

How to Ascertain the Need for Limestone.—One of the most reliable indica- 
tions as to whether a soil needs limestone is the character of the growth of certain 
legumes, particularly sweet clover and alfalfa. These crops do not thrive in 
acid soils. Their successful growth, therefore, indicates the lack of sufficient 
acidity in the soil to be harmful. In ease of their failure to grow the soil should 
be tested for acidity as described below. A very valuable test for ascertaining 
the need of a soil for limestone is found in the potassium thiocyanate test for soil 
acidity. It is desirable to make tlie test for carbonates along with the acidity 
test. Limestone is calcium carbonate, while dolomite is the combined carbonates 
of calcium and magnesium. The natural occurrence of these carbonates in the 
soil is sufficient assurance that no limestone is needed, and the acidity test will 
be negative. On lands which have been treated with limestone, however, the 
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surface soil may give a positive test for carbonates, Owing to the presence of un- 
decomposed pieces of limestone, and at the same time a positive test for acidity 
may be secured. Such a result means either that insufficient limestone has been 
added to neutralize the acidity, or that it has not been in the soil long enough 
to entirely correct the acidity. In making these tests, it is desirable to examine 
samples of soil from different depths, since carbonates may be present, even in 
abundance, below a surface stratum that is acid. Following are the directions 
for making the tests: 


The Potassium Thiocyanate Test for Acidity. This test is made with a 4-percent solu- 
tion of potassium thiocyanate in alecohol—4 grams of potassium thiocyanate in 100 cubic 
centimeters of 95-percent alcohol.» When a small quantity of soil shaken up in a test tube 
with this solution gives a red color the soil is acid and limestone should be applied. If the 
solution remains colorless the soil is not acid. An excess of water interferes with the reac- 
tion. The sample when tested, therefore, should be at least as dry as when the soil is in 
good tillable condition. For a prompt reaction the temperature of the soil and solution 
should be not lower than that of comfortable working conditions (60° to 75° Fahrenheit). 


The Hydrochloric Acid Test for Carbonates. Take a small representative sample of 
soil and pour upon it a few drops of hydrochloric (muriatic) acid, prepared by diluting the 
concentrated acid with an equal volume of water. The presence of limestone or some other 
carbonates will be shown by the appearance of gas bubbles within 2 or 3 minutes, producing 
foaming or effervescence. The absence of carbonates in a soil is not in itself evidence that 
the soil is acid or that limestone should be applied, but it indicates that the confirmatory 
potassium thiocyanate test should be carried out. 

Amounts to Apply.—Acid soils should be treated with limestone whenever 
such application is at all practicable. The initial application varies with the 
degree of acidity and will usually range from 2 to 6 tons an acre. The larger 
amounts will be needed on strongly acid soils, particularly on land being pre- 
pared for alfalfa. When sufficient limestone has been used to establish, condi- 
tions favorable to the growth of legumes, no further applications are necessary 
until the acidity again develops to such an extent as to interfere with the best 
growth of these crops. This will ordinarily be at intervals of several years. In 
the case of an inadequate supply of magnesium in the soil, the occasional use of 
magnesian (dolomitic) limestone would serve to correct this deficieney. Other- 
wise, so far as present knowledge indicates, either form of limestone—high- 
calcium or magnesian—will be equally effective, depending upon the purity and 
fineness of the respective stones. 


Fineness of Material—tThe fineness to which limestone is ground is an im- 
portant consideration in its use for soil improvement. Experiments indicate that 
a considerable range in this regard is permissible. Very fine grinding insures 
ready solubility, and thus promptness in action; but the finer the grinding the 
greater is the expense involved. A grinding, therefore, that furnishes not too 
large a proportion of coarser particles along with the finer, similar to that of the 
by-product material on the market, is to be recommended. Altho the exact pro- 
portions of coarse and fine material cannot be prescribed, it may be said that a 
limestone crushed so that the coarsest fragments will pass thru a sereen of 4 to 10 
meshes to the inch is satisfactory if the total product is used. 


*Since undenatured alcohol is difficult to obtain, some of the denatured alcohols have 
been tested for making this solution. Completely denatured alcohol made over U. 8. Formu- 
las No. 1 and No. 4, have been found satisfactory. Some commercial firms are‘ also offering 
other potassium thiocyanate solutions which are satisfactory. 
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The Nitrogen Problem 

Nitrogen presents the greatest practical soil problem in American agricul- 
ture. Four important reasons for this are: its inereasing deficiency in most 
soils; its cost when purchased on the open market; its removal in large amounts 
by erops; and its loss from soils thru leaching. Nitrogen usually costs from four 
to five times as much per pound as phosphorus. <A 100-bushel crop of corn re- 
quires 150 pounds of nitrogen for its growth, but only 23 pounds of phosphorus. 
The loss of nitrogen from soils may vary from a few pounds to over one hundred 
pounds per acre, depending upon the treatment of the soil, the distribution of 
rainfall, and the protection afforded by growing crops. 

An inexhaustible supply of nitrogen is present in the air. Above each acre 
of the earth’s surface there are about sixty-nine million pounds of atmospheric 
nitrogen. The nitrogen above one square mile weighs twenty million tons, an 
amount sufficient to supply the entire world for four or five decades. This large 
supply of nitrogen in the air is the one to which the world must eventually turn. 

There are two methods of collecting the inert nitrogen gas of the air and 
combining it into compounds that will furnish products for plant growth. These 
are the chemical and the biological fixation of the atmospheric nitrogen. Farmers 
have at their command one of these methods. By growing inoculated legumes, 
nitrogen may be obtained from the air, and by plowing under more than the roots 
of these legumes, nitrogen may be added to the soil. 

Inasmuch as legumes are worth growing for purposes other than the fixation 
of atmospherie nitrogen, a considerable portion of the nitrogen thus gained may 
be considered a by-product. Because of that fact, it is questionable whether the 
chemical fixation of nitrogen will ever be able to replace the simple method of 
obtaining atmospherie nitrogen by growing inoculated legumes in the production 
of our great grain and forage crops. 

It may well be kept in mind that the following amounts of nitrogen are re- 
quired for the produce named: 


1 bushel of oats (grain and straw) contains 1 pound of nitrogen. 

bushel of corn (grain and stalks) contains 14% pounds of nitrogen. 

bushel of wheat (grain and straw) contains 2 pounds of nitrogen. 

ton of timothy contains 24 pounds of nitrogen. 

ton of clover contains 40 pounds of nitrogen. 

ton of cowpea hay contains 43 pounds of nitrogen. 

ton of alfalfa contains 50 pounds of nitrogen. 

ton of average manure contains 10 pounds of nitrogen. 

ton of young sweet clover, at about the stage of growth when it is plowed under as 
green manure, contains, on water-free basis, 80 pounds of nitrogen. 


Bee eee 


The roots of clover contain about half as much nitrogen as the tops, and the 
roots of cowpeas contain about one-tenth as much as the tops. Soils of mod- 
erate productive power will furnish as much nitrogen to clover (and two or three 
times as much to cowpeas) as will be left in the roots and stubble. In grain 
crops, such as wheat, corn, and oats, about two-thirds of the nitrogen is contained 
in the grain and one-third in the straw or stalks. 


The Phosphorus Problem 
The element phosphorus is an indispensable constituent of every living cell. 
It is intimately connected with the life processes of both plants and animals, the 
nuclear material of the cells being especially rich in this element. 


40 Som, Reporr No. 40: APPENDIX 


The phosphorus content of the soil is dependent upon the origin of the soil. 
The removal of phosphorus by continuous cropping slowly reduces the amount 
of this element in the soil available for crop use, unless its addition is provided 
for by natural means, such as overflow, or by agricultural practices, such as the 
addition of phosphatie fertilizers and rotations in which deep-rooting, leguminous 
crops are frequently grown. 

It should be borne in mind in connection with the application of phosphate, 
or of any other fertilizing material, to the soil, that no benefit can result until 
the need for it has become a limiting factor in plant growth. For example, if 
there is already present in the soil sufficient available phosphorus to produce a 
forty-bushel crop, and the nitrogen supply or the moisture supply is sufficient 
for only forty bushels, or less, then extra phosphorus added to the soil cannot 
increase the yield beyond this forty-bushel limit. 

There are several different materials containing phosphorus which are 
applied to land as fertilizer. The more important of these are bone meal, acid 
phosphate, natural raw rock phosphate, and basi¢ slag. Obviously that carrier 
of phosphorus which gives the most economical returns, as considered from all 
standpoints, is the most suitable one to use. Altho this matter has been the 
subject of much discussion and investigation the question still remains unsettled. 
Probably there is no single carrier of phosphorus that will prove to be the most 
economical one to use under all cireumstances because so much depends upon 
soil conditions, crops grown, length of haul, and market conditions. 

Bone meal, prepared from the bones of animals, appears on the market in 
two different forms, raw and steamed. Raw bone meal contains, besides the 
phosphorus, a considerable percentage of nitrogen which adds a useless expense 
if the material is purchased only for the sake of the phosphorus. As a source of 
phosphorus, steamed bone meal is preferable to raw bone meal. Steamed bone 
meal is prepared by extracting most of the nitrogeneous and fatty matter from 
the bones, thus producing a more nearly pure form of calcium phosphate con- 
taining about 10 to 12 percent of the element phosphorus. 

Acid phosphate is produced by treating rock phosphate with sulfurie acid. 
The two are mixed in about equal amounts; the product therefore contains about 
one-half as much phosphorus as the rock phosphate itself. Besides phosphorus, 
acid phosphate also contains sulfur, which is likewise an element of plant food. 
The phosphorus in acid phosphate is more readily available for absorption by 
plants than that of raw rock phosphate. Acid phosphate of good quality should 
contain 6 percent or more of the element phosphorus. 

Rock phosphate, sometimes called floats, is a mineral substance found in 
vast deposits in certain regions. The phosphorus in this mineral exists chemically 
as tri-calcium phosphate, and a good grade of the rock should contain 1214 
percent, or more, of the element phosphorus. The rock should be ground to a 
powder, fine enough to pass thru a 100-mesh sieve, or even finer. 

The relative cheapness of raw rock phosphate, as compared with the treated 
or acidulated material, makes it possible to apply for equal money expenditure 
considerably more phosphorus per acre in this form than in the form of acid 
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phosphate, the ratio being, under the market conditions of the past several years, 
about 4 to 1. That is to say, under these market conditions, a dollar will pur- 
chase about four times as much of the element phosphorus in the form of rock 
phosphate as in the form of acid phosphate, which is an important consideration 
if one is interested in building up a phosphorus reserve in the soil. As explained 
above, more very carefully conducted comparisons on various soil types under 
various cropping systems are needed before definite statements can be given as 
to which form of phosphate is most economical to use under any given set of 
conditions. 

Basic slag, known also as Thomas phosphate, is another carrier of phos- 
phorus that might be mentioned because of its considerable usage in Europe 
and eastern United States. Basie slag phosphate is a by-product in the manu- 
facture of steel. It contains a considerable proportion of basic material and 
therefore it tends to influence the soil reaction. 

Rock phosphate may be applied at any time during a rotation, but it is 
applied to the best advantage either preceding a crop of clover, which plant 
seems to possess an unusual power for assimilating the phosphorus from raw 
phosphate, or else at a time when it can be plowed under with some form of 
organic matter such as animal manure or green manure, the decay of which 
serves to liberate the phosphorus from its insoluble condition in the rock. It is 
important that the finely ground rock phosphate be intimately mixed with the 
organic material as it is plowed under. 

In using acid phosphate or bone meal in a cropping system which includes 
wheat, it is a common practice to apply the material in the preparation of the 
wheat ground. It may be advantageous, however, to divide the total amount 
to be used and apply a portion to the other crops of the rotation, particularly 
to corn and to clover. 


The Potassium Problem 


Our most common soils, which are silt loams and clay loams, are well stocked 
with potassium, altho it exists largely in a slowly soluble form. Such soils as 
sands and peats, however, are likely to be low in this element. On such soils this 
deficiency may be remedied by the application of some potassium salt, such as 
potassium sulfate, potassium chlorid, kainit, or other potassium compound, and 
in many instances this is done at great profit. 

From all the facts at hand it seems, so far as our great areas of common 
soils are concerned, that, with a few exceptions, the potassium problem is not 
one of addition but of liberation. The Rothamsted records, which represent the 
oldest soil experiment fields in the world, show that for many years other soluble 
salts have had practically the same power as potassium salts to increase crop 
yields in the absence of sufficient decaying organic matter. Whether this action 
relates to supplying or liberating potassium for its own sake, or’ to the power 
of the soluble salt to increase the availability of phosphorus or other elements, 
is not known, but where much potassium is removed, as in the entire crops at 
Rothamsted, with no return of organic residues, probably the soluble salt func- 
tions in both ways. 
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Further evidence on this matter is furnished by the Illinois experiment field 
at Fairfield, where potassium sulfate has been compared with kainit both with 
and without the addition of organic matter in the form of stable manure. Both 
sulfate and kainit produced a substantial increase in the yield of corn, but the 
cheaper salt—kainit—was just as effective as the potassium sulfate, and returned 
some financial profit. Manure alone gave an inerease similar to that produced 
by the potassium salts, but the salts added to the manure gave very little increase 
over that produced by the manure alone. This is explained in part, perhaps, by 
the fact that the potassium removed in the crops is mostly returned in manure 
properly cared for, and perhaps in larger part by the fact that decaying organic 
matter helps to liberate and hold in solution other plant-food elements, especially 
phosphorus. 

In laboratory experiments at the Illinois Experiment Station, it has been 
shown that potassium salts and most other soluble salts increase the solubility of 
the phosphorus in soil and in rock phosphate; also that the addition of glucose 
with rock phosphate in pot-culture experiments increases the availability of the 
phosphorus, as measured by plant growth, altho the glucose consists only of car- 
bon, hydrogen, and oxygen, and thus contains no limiting element of plant food. 

In considering the conservation of potassium on the farm it should be re- 
membered that in average livestock farming the animals destroy two-thirds of the 
organic matter and retain one-fourth of the nitrogen and phosphorus from the 
food they consume, but that they retain less than one-tenth of the potassium; 
so that the actual loss of potassium in the products sold from the farm, either 
in grain farming or in livestock farming, is negligible on land containing 25,000 
pounds or more of potassium in the surface 624 inches. 


The Calcium and Magnesium Problem 


When measured by crop removals of the plant-food elements, calcium is 
often more limited in Illinois soils than is potassium, while magnesium may be 
occasionally. In the case of calcium, however, the deficiency is likely to develop 
more rapidly and become much more marked because this element is leached 
out of the soil in drainage water to a far greater extent than is either magnesium 
or potassium. 

The annual loss of limestone from the soil depends, of course, upon a num- 
ber of factors asidé from those which have to do with climatic conditions. Among 
these factors may be mentioned the character of the soil, the kind of limestone, 
its condition of fineness, the amount present, and the sort of farming practiced. 
Because of this variation in the loss of lime materials from the soil, it is impossible 
to prescribe a fixed practice in their renewal that will apply universally. The 
tests for acidity and carbonates described above, together with the behavior of 
such lime-loving legumes as alfalfa and sweet clover, will serve as general indi- 
eators for the frequency of applying limestone and the amount to-use on a 
given field. 

Limestone has a direct value on some soils for the plant food which it sup- 
plies, in addition to its value in correcting soil acidity and in improving the 
physical condition of the soil. Ordinary limestone (abundant in the southern 
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and western parts of Illinois) contains nearly 800 pounds of calcium per ton; 
while a good grade of dolomitic limestone (the more common limestone of north- 
ern Illinois) contains about 400 pounds of calcium and 300 pounds of magnesium 
per ton. Both of these elements are furnished in readily available form in 
ground dolomitie limestone. 


The Sulfur Question 


In considering the relation of sulfur in a permanent system of soil fertility 
it is important to understand something of the cycle of transformations that this 
element undergoes in nature. Briefly stated this is as follows: 

Sulfur exists in the soil in both organic and inorganic forms, the former 
being gradually converted to the latter form thru bacterial action. In this in- 
organic form sulfur is taken up by plants which in their physiological processes 
change it once more into an organic form as a constituent of protein. When 
these plant proteins are consumed by animals, the sulfur becomes a part of the 
animal protein. When these plant and animal proteins are decomposed, either 
thru bacterial action, or thru combustion, as in the burning of coal, the sulfur 
passes into the atmosphere or into the soil solution in the form of sulfur dioxid 
gas. This gas unites with oxygen and water to form sulfuric acid, which is 
readily washed back into the soil by the rain, thus completing the cycle, from 
soil—to plants and animals—to air—to soil. 

In this way sulfur becomes largely a self-renewing element of the soil, altho 
there is a considerable loss from the soil by leaching. Observations taken at the 
Illinois Agricultural Experiment Station show that 40 pounds of sulfur per acre 
are brought into the soil thru the annual rainfall. With a fair stock of sulfur, 
such as exists in our common types of soil, and with an annual return, which of 
itself would more than suffice for the needs of maximum crops, the maintenance 
of an adequate sulfur supply presents little reason at present for serious concern. 
There are regions, however, where the natural stock of sulfur in the soil is not 
nearly so high and where the amount returned thru rainfall is small. Under such 
circumstances sulfur soon becomes a limiting element of crop production, and it 
will be necessary sooner or later to introduce this substance from some outside 
source. Investigation is now under way to determine to what extent this situation 
may apply under Illinois conditions. 


Physical Improvement of Soils 


In the management of most soil types, one very important matter, aside from 
proper fertilization, tillage, and drainage, is to keep the soil in good physical 
condition, or good tilth. The constituent most important for this purpose is 
organic matter. Organic matter in producing good tilth helps to control washing 
of soil on rolling land, raises the temperature of drained soil, increase the 
moisture-holding capacity of the soil, slightly retards capillary rise and conse- 
quently loss of moisture by surface evaporation, and helps to overcome the 
tendency of some soils to run together badly. 

The physical effect of organic matter is to produce a granulation or mellow- 
ness, by cementing the fine soil particles into crumbs or grains about as large as 
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grains of sand, which produces a condition very favorable for tillage, percolation 
of rainfall, and the development of plant roots. 

Organic matter is undergoing destruction during a large part of the year 
and the nitrates produced in its decomposition are used for plant growth. Altho 
this decomposition is necessary, it nevertheless reduces the amount of organic 
matter, and provision must therefore be made for maintaining the supply. The 
practical way to do this is to turn under the farm manure, straw, cornstalks, 
weeds, and all or part of the legumes produced on the farm. The amount of 
legumes needed depends upon the character of the soil. There are farms, espe- 
cially grain farms, in nearly every community where all legumes could be turned 
under for several years to good advantage. 

Manure should,be spread upon the Jand as soon as possible after it is pro- 
duced, for if it is allowed to lie in the barnyard several months, as is so often the 
case, from one-third to two-thirds of the organie matter will be lost. 

Straw and cornstalks should be turned under, and not burned. ‘There is 
considerable evidence indicating that on some soils undecomposed straw applied 
in excessive amount may be detrimental. Probably the best practice is to apply 
the straw as a constituent of well-rotted stable manure. Perhaps no form of 
organic matter acts more beneficially in producing good tilth than cornstalks. It 
is true, they decay rather slowly, but it is also true that their durability in the 
soil is exactly what is needed in the production of good tilth. Furthermore, the 
nitrogen in a ton of cornstalks is one and one-half times that of a ton of manure, 
and a ton of dry cornstalks incorporated in the soil will ultimately furnish as 
much humus as four tons of average farm manure. When burned, however, both 
the humus-making material and the nitrogen are lost to the soil. 

It is a common practice in the corn belt to pasture the cornstalks during 
the winter and often rather late in the spring after the frost is out of the ground. 
This trampling by stock sometimes puts the soil in bad condition for working. 
It becomes partially puddled and will be cloddy as a result. If tramped too late 
in the spring, the natural agencies of freezing and thawing and wetting and 
drying, with the aid of ordinary tillage, fail to produce good tilth before the 
erop is planted. Whether the crop be corn or oats, it necessarily suffers and if 
the season is dry, much damage may be done. If the field is put in corn, a poor 
stand is likely to result, and if put in oats, the soil is so compact as to be un- 
favorable for their growth. Sometimes the soil is worked when too wet. This 
also produces a partial puddling which is unfavorable to physical, chemical, and 
biological processes. The effect becomes worse if cropping has reduced the organic 
matter below the amount necessary to maintain good tilth. 


Systems of Crop Rotations 


In a program of permanent soil improvement one should adopt at the outset 
a good rotation of crops, including, for the reasons discussed above, a liberal 
use of legumes. No one can say in advance for every particular ease what will 
prove to be the best rotation of crops, because of variation in farms and farmers 
and in prices for produce. As a general principle the shorter rotations, with the 
frequent introduction of leguminous crops, are the better adapted for building 
up poor soils, 
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Following are a few suggested rotations which may serve as models or out- 
lines to be modified according to special circumstances. 


Six-Year Rotations 


First year + —Corn 
Second year —Corn 


Third year —Wheat or oats (with clover, or clover and grass) 


Fourth year —Clover, or clover and grass 


Fifth year —Wheat (with clover), or grass and clover 


Siath year —Clover, or clover and grass 


In grain farming, with small grain grown the third and fifth years, most 
of the unsalable products should be returned to the soil, and the clover may be 
clipped and left on the land or returned after threshing out the seed; or, in 
livestock farming, the field may be used three years for timothy and clover 
pasture and meadow if desired. The system may be reduced to a five-year rota- 
tion by cutting out either the second or the sixth year, and to a four-year system 
by omitting the fifth and sixth years, as indicated below. 


The two following rotations are suggested as especially adapted for com- 


bating the corn borer: 


First year —Corn 

Second year—Soybeans 

Third year —Small grain (with legume) 
Fourth year—Legume 

Fifth year —Corn (for silage) 

Stiath year —-Wheat (with sweet clover) 


First year —Corn 

Second year—Soybeans 

Third year —Small grain (with legume) 
Fourth year—Legume 

Fifth year —Wheat (with alfalfa) 
Siath year —Alfalfa 


Five-Year Rotations 


First year —Corn 


Second year —Wheat or oats (with clover, or clover and grass) 


Third year —Clover, or clover and grass 


Fourth year —Wheat (with clover), or clover and grass 


Fifth year —Clover, or clover and grass 


First year —Corn 

Second year —Soybeans 

Third year —Corn 

Fourth year —Wheat (with legume) 
Fifth year —Legume 


First year —Corn 

Second year —Cowpeas or soybeans 
Third year —Wheat (with clover) 
Fourth year —Clover 

Fifth year Wheat (with clover) 


The last rotation mentioned above allows legumes to be grown four times. 
Alfalfa may be grown on a sixth field rotating over all fields if moved every 


six years. | 


Four-Year Rotations 


First year —Corn 

Second year —Wheat or oats (with cloyer) 
Third year —Clover 

Fourth year—Wheat (with clover) 


First year —Corn 

Second year —Cowpeas or soybeans , 
Third year —Wheat (with clover) 
Fourth year —Clover 


First year —Corn 
Second year —Corn 
Third year —Wheat or oats (with clover) 


. Fourth year —Clover 


First year —Wheat (with clover) 
Second year —Clover 

Third year —Corn 

Fourth year —Oats (with clover) 
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Alfalfa may be grown on a fifth field for four or eight years, which is to be 
alternated with one of the four; or the alfalfa may be moved every five years, 
and thus rotated over all five fields every twenty-five years. 


Three-Year Rotations 


First year —Corn . First year +—Wheat or oats (with clover) 
Second year —Oats or wheat (with clover) Second year—Corn 
Third year —Clover Third year —Cowpeas or soybeans 


By allowing the clover, in the last rotation mentioned, to grow in the spring 
before preparing the land for corn, we have provided a system in which legumes 
grow on every acre every year. This is likewise true of the following suggested 
two-year system: « 

Two-Year Rotations 


First year —Oats or wheat (with sweet clover) 
Second year —Corn 


Altho in this two-year rotation either oats or wheat is suggested, as a matter 
of fact, by dividing the land devoted to small grain, both of these erops can be 
grown simultaneously, thus providing a three-crop system in a two-year cycle. 

It should be understood that in all of the above suggested cropping systems 
it may be desirable in some cases to substitute barley or rye for the wheat or 
oats. Or, in some cases, it may become desirable to divide the acreage of small 
grain and grow in the same year more than one kind. In all of these proposed 
rotations the word clover is used in a general sense to designate either red clover, 
alsike clover, or sweet clover, or it may include alfalfa used as a biennial. The 
mixing of alfalfa with clover seed for a legume crop is a recommendable prac- 
tice. The value of sweet clover, especially as a green manure for building up 
depleted soils, as well as a pasture and hay-erop, is becoming thoroly established, 
and its importance in a crop-rotation program may well be emphasized. 


SUPPLEMENT: EXPERIMENT FIELD DATA 
(Results from Experimental Fields on Soil Types Similar to those Occurring in 
Whiteside County) 


The University of Illinois has operated altogether about fifty soil experiment 
fields in different sections of the state and on various types of soil. Altho some 
of these fields have been discontinued, the large majority are still in operation. 
It is the present purpose to report the results from certain of these fields located 
on types of soil described in the accompanying soil report. 

A few general explanations at this point, which apply to all the fields, will 
relieve the necessity of numerous repetitions in the following pages. 


Size and Arrangement of Fields 


The soil experiment fields vary in size from less than two acres up to 40 
acres or more. They are laid off into series of plots, the plots commonly being 
either one-fifth or one-tenth acre in area. Each series is occupied by one kind of 
crop. Usually there are several series so that a crop rotation ean be earried on 
with every crop represented every year. 


Farming Systems 


On many of the fields the treatment provides for two distinct systems of 
farming, livestock farming and grain farming. 

In the livestock system stable manure is used to furnish organic matter and 
nitrogen. The amount applied to a plot is based upon the amount that can be 
produced from crops raised on that plot. 

In the grain system no animal manure is used. The organic matter and 
nitrogen are applied in the form of plant manures, including the plant residues 
produced, such as cornstalks, straw from wheat, oats, clover, ete., along with 
leguminous catch crops plowed under. It was the plan in this latter system to 
remove from the land, in the main, only the grain and seed produced, except in 
the case of alfalfa, that crop being harvested for hay the same as in the livestock 
system. Some modifications have been introduced in recent years as will be 
explained in the descriptions of the respective fields. 


Crop Rotations 


Crops which are of interest in the respective localities are grown in definite 
rotations. The most common rotation used is wheat, corn, oats, and clover; 
and often these crops are accompanied by alfalfa growing on a fifth series. In 
the grain system a legume catch crop, usually sweet clover, is included, which is 
seeded on the young wheat in the spring and plowed under in the following spring 
in preparation for corn. If the red clover crop fails, soybeans are substituted. 


Soil Treatment 


The treatment applied to the plots has, for the most part, been standardized 
according to a rather definite system, altho deviations from this system oceur now 
and then, particularly in the older fields. 
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Following is a brief explanation of this standard system of treatment. 


Animal Manures.—Animal manures, consisting of excreta from animals, with 
stable litter, are spread upon the respective plots in amounts proportionate to 
previous crop yields, the applications being made in the preparation for corn. 

Plant Manures——Crop residues produced on the land, such as stalks, straw, 
and chaff, are returned to the soil, and in addition a green-manure crop of sweet 
clover is seeded in small grain to be plowed under in preparation for corn. (On 
plots where limestone is lacking the sweet clover seldom survives.) This practice 
is designated as the residues system. 

Mineral Manuwres——The yearly acre-rates of application have been: for 
limestone, 1,000 pounds; for raw rock phosphate, 500 pounds; and for potas- 
sium, usually 200 founds of kainit. When kainit was not available, owing to 
conditions brought on by the World war, potassium carbonate was used. The 
initial application of limestone has usually been 4 tons per aere. 


Explanation of Symbols Used 


Untreated land or check plots 


M = Manure (animal) 

R = Residues (from crops, and includes legumes used as green manure) 

L = Limestone 

P = Phosphorus, in the form of rock phosphate unless otherwise designated 
(aP — acid phosphate, bP = bonemeal, rP = rock phosphate, sP —slag 
phosphate) 

K = Potassium (usually in the form of kainit) 

N = Nitrogen (usually in the form contained in dried blood) 

Le — Legume used as green manure 

Sv = Cover erop 

( ) = Parentheses enclosing figures, signifying tons of hay, as distinguished from 


bushels of seed 
Heavy vertical rule, indicating the beginning of complete treatment 
Double vertical rule, indicating a radical change in the cropping system 


II Il 


In discussions of this sort of data, financial profits or losses based upon 
assigned market values are frequently considered. However, in view of the 
erratic fluctuations in market values—especially in the past few years—it seems 
futile to attempt to set any prices for this purpose that are at all satisfactory. 
The yields are therefore presented with the thought that with these figures at 
hand the financial returns from a given practice can readily be computed upon 
the basis of any set of market values that the reader may choose to apply. 


THE MT. MORRIS FIELD 


The Mt. Morris experiment field was established in 1910 at Mt. Morris in 
Ogle county. The soil represents fairly well the type Light Brown Silt Loam, 
altho the plots are not altogether uniform in this respect. The plots considered 
here comprize four series under a rotation of corn, oats, clover, and wheat, with 
soil treatments as indicated in the a@eompanying table. The application of straw 
to the residues plots has been discontinued in these later years. In, 1922 the 
application of limestone, and in 1923 the application of rock phosphate, were 
indefinitely suspended in order in observe the residual effect of these materials. 
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Fie. 3.—CORN ON THE Mt. Morris FIELD 
The two pictures represent the extremes in soil treatment on this field. Where the un- 
treated land has produced as a fourteen-year average 44.6 bushels of corn an acre, the land 
under the residues, limestone, phosphate, potash treatment has yielded 67.2 bushels. The most 
profitable treatment on this field, however, has been that of residues and limestone, which has 
produced 62.2 bushels an acre. , 


Taste 7.—MT. MORRIS FIELD: Sertzs 100, 200, 300, 400, Summary or Crop YIELDS 
Average Annual Yields 1913-1926—Bushels or (tons) per acre 


Serial Corn Oats Wheat | Clover! Soy- 
plot Soil treatment applied beans 
No. 


14 crops | 14 crops | 12 crops | 10 crops | 2 crops 


1 Ua a Oe 45.3 58.5 23.3 (1.96) (1.56) 
DERN Pe fea sis oye e eiaye es ee ces 59.5 67.4 28.1 (2.53) (1.70) 
By) CW 7 a Since 64.4 70.5 34.4 (2.97) (1.80) 
ZNO ONO GL ECE Os cen eee 64.3 (alee 35.9 (2.92) (1.92) 
CH LORE) PS) les bie) cvsce einen | 44.6 54.9 23.5 (1.61) 13.5 
GL AEAS  Sn  A 51.2 59.4 25.8 (1.77) 16.0 
The ||" illite Selceec A ae ee 62.2 68.8 32.7 (2.24) 18.9 
GS) oy) TRE ae a rr 65.6 70.2 36.2 (2.23) 20.7 
|) URE a VS as 67.2 70.4 36.3 (2.24) 20.0 
TOS IEG) Sos 25 eee eee eee 43.6 52.4 24.6 (1.79) (1.68) 


Crop Increases 


M over 0 8. 4.8 ( 

4. 92583 ( 
PVE ROVCTIMI Garey bie ais duceeade ees 4.9 Se 6.3 ( .44) ( .10) 
OU OUETMEG tei cK ies see was 11.0 9.4 6.9 (Gana) 2 
IN UOT EONS) PUY Re ee ae 1.0 1.5 |—( .05) (GD) 
HESS hee a oe 3.4 lige! 3.5 |—( .01) 1.8 
RTE TGrover, Rags 8 tube eats ahs LG 22. Bal ( .01) | — .7 


1Some clover seed evaluated as hay, 
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A summary of the results of the work is given in Table 7, in the form of 
the average annual crop yields for the years since the complete soil treatments 
have been in effect. 

In looking over these results, one may observe first the beneficial effect of 
farm manure (M). The annual crop increases due to the use of manure alone 
amount to over 14 bushels an acre for corn, nearly 9 bushels of oats, almost 5 
bushels of wheat, and about 14 ton of clover. Organic manure furnished by 
‘‘residues’’ (R) has likewise proved beneficial to all crops, but not in the same 
degree as stable manure. 

Limestone (L) in addition to organic manures has been used with good 
effect, the improvement being especially marked in the residues system. 

Roek phosphate (P) has produced no significant effect applied with manure 
and limestone. In the corresponding residues system the inereases in yield 
obtained from rock phosphate are somewhat larger, but they have not been suffi- 
cient to cover the cost of the phosphate applied. 

Potassium (K), in the combination used in these experiments, has produced 
no results of significance. 


THE DIXON FIELD 


A summary of the results of the Dixon experiment field are presented here, 
inasmuch as the soil of this field is similar to some of that found in Whiteside 
county. This field includes about 21 acres and is laid out into two general systems 
of plots, a major and a minor system. The results from the major system will 
be considered here. 

The rotation practiced has been wheat, corn, oats, and clover. The treatment 
of the plots and management of the crops were, for the most part, maintained 
up to 1922 according to the general plan described above on page 47. The more 
important modification of the plan has been the discontinuance, within the last 
few years, of the applications of limestone, phosphate, and straw residues. 

Table 8 gives a summary of the results in terms of the average annual crop 
yields obtained since the plots have been under complete treatment. 

In considering these results, the most striking feature to be observed is the 
outstanding effect of farm manure (M). The average annual increase due to 
the use of manure alone has amounted to nearly 20 bushels of corn an acre, more 
than 12 bushels of oats, nearly 7 bushels of wheat, 24 of a ton of clover, and 14 
of a ton of soybean hay.’ 

Organic manure (R) in the form of crop residues has also produced increases 
in yields altho not to the extent of those produced by animal manure. 

Limestone (LL) in addition to organic manures has, with a single exception, 
effected more or less improvement, probably sufficient to cover the expense of 
application. | 

Rock phosphate (P), as usual, shows up to best advantage when used with 
residues on the wheat crop. The effect on other crops, however, has been such 
that the increases in yield are not sufficient to cover the cost of the application 
under existing market conditions. 
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Tasie 8.—DIXON FIELD: Srrizs 100, 200, 300, 400, Summary or Crop Y1ELps 
Average Annual Yields 1912-1926—Bushels or (tons) per acre 


Serial Soil treatment Corn Oats Wheat | Barley | Clover! | Soybeans 
plot applied 
No. 15 crops | 14 crops | 11 crops 1 crop 9 crops 4 crops 
1 Ons 36.3 49.0 20.3 43.3 (1.73) (1.46) 
2 IM oa neo 55.6 61.7 26.9 46.4 (2.44) (1.78) 
3 IMU L ae 59.7 65.5 31.0 55.2 (2.70) (1.92) 
4 IMO Aa ee 62.3 67.3 34.2 58.3 (2.82) (1.97) 
5 WU tcc Ronn Ronee nee 42.6 54.4 21.7 49.5 (1/35) 11.8 
6 18S ob did ao Ree 50.5 58.7 24.8 53.8 (1.47) 13.5 
ff JER UL, oth oe 56.4 62.6 28.0 54.5 Chesazs) 13.3 
8 Ce, 57.7 65.1 32.9 59.0 (2.04) 13.3 
9 iL 6 <0 (aye 64.6 33.7 56.9 (2.18) 14.0 
10 Vous 8 evel 4 oe eo ee 41.3 52.0 20.0 45.4 (1.89) (1.45) 
Crop Increases 
VIGO VOL Osta ac acs ees 19.3 127% 6.6 3.1 (© 7) ( .82) 
eevee Occ. acs... ..- 7.9 4.3 3.1 ha Wet 13) as 
MLoverM.......... 4:1 3.8 4.1 8.8 Cr26) ( .14) 
PUMONED ER. ip aes as 5.9 3.9 Dee ah (Gasolina — 322 
MLP over ML........ 2.6 1.8 3h oak @el2) ( .05) 
REP sover RL... AS 2.5 on) 425 Ge20) 0.0 
niGekKeover RLP...... 3.4 — .5 8 — 2.1 ( .14) ai 


‘Including some seed crops evaluated in this summary as hay. 


Altho potassium (K) has produced an average increase of 3.4 bushels an 
acre in corn, the effects on other crops are such as to render its use unprofitable 
in growing these common field crops. 


THE UNION GROVE FIELD 


The University maintained a soil experiment field in Whiteside county for 
about seventeen years. The field lay about 114 miles northwest of Union Grove 
on land represented on the soil map as Brown Silt Loam Over Gravel. The soil 
was described at the time of the establishment of the field as a ‘‘brown silt loam 
over sandy loess’’; the experimental results, however, will doubtless apply also 
to other soil types in the region possessing somewhat similar characteristics. 

The field was laid out into five series of plots. On these series two different 
systems of cropping were carried on, designated in the records as the major and 
the minor rotations. 


The Major Rotation 


The major rotation consisted of corn, corn, oats or barley, and clover on 
Series 100 and 200. The scil treatments were similar to those described on page 
47 except that potassium was supplied in 100 pounds of potassium sulfate an 
acre a year, and commercial nitrogen in the form of dried blood was supplied 
annually to Plot 19 at the rate of 200 pounds an acre. In 1916 this plot was 
divided, dried blood being applied to the east half and gluten meal at the annual 
acre rate of 376 pounds to the west half. 
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Taste 10—UNION GROVE FIELD: Summary or Graty YIELDS 
Average Annual Yields 1912-1923—Bushels or (tons) per acre * 


Serial Soil treatment Corn Oats Barley 
plot applied 
No. 12 crops | 2crops | 4 crops 
1 Bir, Foote eel eR os, ep cecnin s S 37.8 51.8 B25 
2 BRT. ack heck: Ge etic or Rec eras oo ae IR at ch eR 55.0 5627, 42.0 
3 Me coi Bias Sects kip oats, SRR ee ee ace ee 63.5 54.8 47.3 
4 OWN RRs Site ces erase <) SRE ae Ce Stone se ereetr ae 60.5 52.9 47.0 
eee | ae ee Se Oe ee eS iy Seber ranean & 35.2 42.1 32.6 
6 DP ese Sakts Ce aie ee ae re ee ES ane ee ean era 38.8 51.3 39.6 
7 RG se ae ee eee ete ie ore eee ees 56.0 65.3 47.3 
8 MDP lo oe nc cn re oe eee er 63.7 47.1 48.4 
9 CvMLP....: Reh, Goebel ey ee ee Renae ee 65.6 back 47.0 
LO | Base ks chatnte-en Ree cesses sis SPEC ne ne 38.6 50.6 33.6 
11 PK od 0 So ac oe oem ee See Te a ee 60.8 54.0 41.7 
12 REPRE eke Cee eee eee ee 66.7 65.8 47.8 
13 ib 5 22 QE een epi ent tate Meek enn e Se Og EE 67.7 Sono 50.2 
5 Y. Meaeh Gai" 0S od Co eR ee eae, ehremae te OS ee een 66.7 54.9 47.9 
15 cae Sa CP aR ir at CY | eRe ef PS oa OTe Sor 29.5 47.7 31.6 
16 IR Sic kes Sen ee cima Saslerws 8 SI oe, SEG RSS eee 44.2 58.2 41.7 
17 Re ck ASA ee cae See ae el eee 49.3 66.5 42.1 
TS ARP Rae! Ft ee ae cant cen ne een ee 59.2 66.5 45.7 
19 INI che Sh es Gok een eee Reece gine 7 eer ae 65.8 66.3 48.9 
20 eS sie cdc Se RRS 2 eeepc a Be one i 29.6 54.6 30.6 
Crop Increases 
Limestone 
OVE? Ohiswkvdhaa esau ends. cma SOR eee ae ae eae Sf —6.5 2.0 
LR OVED BiecSrsiw oe Pe AS eee 10.8 —1.5 aS 
LRP over RiP fo s4080 sees ts 2 Re oe oe ee 6.7 —1.2 O22 
PUR BK © Soren UPI ee rea, ct a ee ee ee 1.5 — .7 re | 
Residues 
R FON G51 hk | OE Spelt NN ae a et Co Ss 50 eR Seley Ee 14.6 3.6 Fea 
RL OVEEr Fin. cca ce ee ee Ee ees 19% 8.6 9.4 
RLP OVOP sin ek Serine ee ee ek eee cA gay 14.0 cies 
RLPBEK. “over dike see, coe ee eee eet: ere eee 5.9 11.8 6.1 
Manure 
M OVED Lis 5 Re Se eee ee ee 28.2 6.7 14.7 
MLP)- (over Lib okie homie a siesta tee 24.9 —4.2 8.8 
MLE over: LP Kae 5 oe oe eee eee 6.9 3 By) 
Phosphorus 
PL OVEr Lae. = 5 ate abe Sic tea een 1a eR onc aera eee 3:0 ae 7.0 
PR OV OT Bhs ec tcscie eet ace te rote EO Ee 5 8.3 a: 
PLR over DAR nc tS ere os aries 1.0 8.6 aS 
PM «> Givers sae in eta Oe ree ee Ea ee “2 —7.7 tus . 
PCy LM-over: GyiliMa - jcc as ee ee eee bit 22 0.0 . 
4 
Potassium 
KLP OVEriP cn Bots cnersaee Se ee ee ees 22:0 AY pet 
KRP OVERSEER coe ae tte ctr ene cee rears ee 9.9 0.0 o.0 
KLRP’ Gror LRP aa Poh ee eee 10.7 e — 
KLMP: over UM Pao ate tok or eee oo 4.0 8.2 1.8 
KCy LM River iG wis pet tee ee ee ee pS | — 2 9 


In 1919 it was planned to harvest the first crop of clover as hay on all plots 
and the second crop as seed on the residues plots. The limestone applications 
were discontinued in 1920 after the plots had received a total of 14,000 to 16,000 


WHITESIDE CouNTY 55 


pounds an acre. Beginning in 1921 all clover was harvested as hay and the 
return of the straws discontinued. In 1922 the application of manure was dis- 
continued on Plot 4, as was also the application of phosphate to Plots 9 and 14. 

The results from this field are presented in detail in Table 9, which gives the 
yields produced for the various soil treatments for each year thruout the entire 
course of the experiments. Table 10 gives a summary of the grain yields during 
the period after the complete treatments had been begun, the upper part of the 
table showing the average annual yields secured and the lower part certain com- 
parisons of the various treatment combinations. 

In considering the results it is to be observed that this land is not altogether 
uniform in productiveness, as is evidenced by the rather wide discrepancies 
appearing in the replicated lime plots; and therefore considerable allowance 
must be made in drawing conclusions based upon minor differences. However, 
some of the comparisons are measured by differences so large and so consistent 
as to carry significance. 

Inmestone.—For studying the effect of limestone, the results for the four 
plots receiving limestone alone, Nos. 1, 5, 10, and 15, are averaged together. The 
results were rather erratic if the negative response shown by the two oats crops 
be considered significant. However, limestone appears on the whole to have 
returned some profit, especially where used in combination with residues, or with 
residues and minerals. 


Residues.—The beneficial effect of crop residues stands out prominently, 
large increases in yield appearing without exception wherever residues were 
applied, whether used alone or in combination with other fertilizer materials. 

Manure.—The high fertility value of animal manure is likewise demon- 
strated. Naturally, the greatest effect is seen where manure is used with lime- 
stone alone, for the manure itself contains a certain amount of both phosphorus 
and potassium, so that when these substances are applied as supplementary fer- 
tilizing materials, the full value of the manure cannot come into play. 

Phosphorus.—Phosphorus in the form of rock phosphate appears to have 
been somewhat beneficial, but in no combination used were the crop increases 
sufficient to cover the expense of its application. 

Potassvwm.—Used in certain combinations, potassium sulfate produced very 
marked effects on the corn crop, resulting in large increases in yield. The most 
remarkable increase of this kind was on the plot where potassium sulfate was 
added to limestone and rock phosphate. Here the average increase in corn yield 
amounted to 22 bushels an acre. In those combinations in which farm manure 
was a constituent, no such beneficial effect appears, probably because of the fact 
that considerable potassium is contained in animal manure. 


The Minor Rotation 
The minor series, numbered 300, 400, and 500, were plotted in 1913 and 
discontinued in 1919. A nine-year rotation of potatoes and alfalfa was estab- 
lished, the potatoes growing three years cn a given series and the alfalfa six 
years. There were only four plots in each series and these were similar to certain 
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of those in the larger series except that manure was applied at the rate of 15 tons 
an acre for each potato crop. 

The yields for all crops harvested in this rotation are recorded in Table 11. 
Because of so much incompleteness in carrying out the full treatment program, 
no tabulated summary is presented, but certain observations of interest can be 
made by a glance at the figures as they stand. The beneficial effect of farm 
manure on the potatoes is apparent. Rather strangely, the best yields were made 
on the plots treated with manure alone. The limestone seems to have had a 


Fie. 4.—ALFALFA ON A PORTION OF THE UNION GROVE 
EXPERIMENT FIELD 


In some seasons excellent yields of alfalfa were produced on 
this field without soil treatment, as seen in this picture. As an 
average for five seasons, however, where untreated land produced 
3.9 tons of hay an acre, land receiving limestone yielded 4.7 tons. 
Where both limestone and rock phosphate had been applied, the 
yield increased to 5.1 tons an acre. 


detrimental effect and apparently the rock phosphate was unable to overcome this 
effect. 

It may be noted that some excellent yields of alfalfa were produced on this 
land, especially on the treated plots, altho an unfortunate freeze occurred in 
1917 which killed the stand, thus cutting severely the profits from this crop. 


THE VIENNA FIELD 


Whiteside county, as indicated in the descriptions of certain of its soil types, 
includes considerable land that is subject to destruction thru erosion or washing. 
Yellow Silt Loam, which occupies over 38 square miles in the county, is par- 
ticularly susceptible to this kind of damage. Operators of land in Whiteside 
county will therefore be interested in experiments conducted on the Vienna field, 
in Johnson county, to test out different methods of reclaiming badly gullied land 
and preventing further erosion. 
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The Vienna field is representative of the sloping, erodible land so common 
in the extreme southern part of the state. When the experiments were started 
the whole field, with the exception of about three acres, had been abandoned be- 
cause so much of the surface soil had washed away, and there were so many gullies 
that further cultivation was unprofitable. For the purpose of the experiments 
the field was divided into different sections (see Table 12.) These were not 
entirely uniform; some parts were much more washed than others, and portions 
of the lower-lying land had been affected by soil material washed down from 
above. The higher land had a very low producing capacity; on many spots little 
or nothing would grow. 


TaBLe 12.—VIENNA FIELD: Hanpuine Hitisipe LAnp TO PREVENT HROSION 
Average Annual Yields 1907-1915—Bushels or (tons) per acre 


Section Method Corn Wheat Clover 

7 crops 7 crops 3 crops 

Terrace: 2s sip disekbc pin nite oe ea eee eee 31.4 9.0 ( .68) 

B Embankments and hillside ditches.................. 32.4 Ae 97) 
Organic matter, deep contour plowing, and contour 

planting: 4/8) 1.3 cat nee ole eee en tees 27.9 LE. ( .80) 

D Checks cits ce tert nak te siete ee i eee ee 14.1 4.6 (121) 


Section A included the steepest. part of the field and contained many gullies. The land 
was built up into terraces at vertical intervals of 5 feet. Near the edge of each terrace a small 
ditch was placed so that the water could be carried to a natural outlet without much washing. 


Section B was used to test the so-called embankment method. Ridges were plowed up 
which were sufficiently high so that when there were heavy falls of rain the water would break 
over and run in a broad sheet rather than in narrow channels. At the steepest part of the 
slope, hillside ditches were made for carrying away the run-off. 


Section C was washed badly but contained only small gullies. Here the attempt was made 
to prevent washing by incorporating organic matter in the soil and practicing deep contour 
plowing and contour planting. With two exceptions, about 8 loads of manure an acre were 
turned under each year for the corn crop. 


Section D was washed to about the same extent as Section C. It was farmed in the most 
convenient way, without any special effort to prevent washing. 


Limestone was applied to the entire field at the rate of 2 tons an aere. Corn, 
cowpeas, wheat, and clover were grown in a four-year rotation on each section 
except the one designated as D, which included but three plots. 


Careful records were kept for nine years. The results, summarized in Table 
12, indicate something of the possibilities in improving hillside land by protecting 
it from erosion. The average yield of corn from the protected series (A, B, and 
C) was 30.6 bushels an acre, as against 14.1 bushels on the check series (D). 
Wheat yielded 11.1 bushels on the protected series, in comparison with 4.6 
bushels on the check, and clover yielded 44 of a ton on the protected series and 
but 4 of a ton on the check. 


Figs. 5 and 6 serve further to indicate what may be done with this type of 
soil even after it has become badly washed and gullied. 


a rs 
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Fic. 5.—PROPER SOIL AND CROPPING METHODS WOULD HAVE PREVENTED THIS CONDITION 


This abandoned hillside is just over the fence from the field shown in Fig. 6. Yellow, 
Silt Loam is particularly susceptible to this kind of damage. 


Fic. 6.—COoRN GROWING ON AN IMPROVED HILLSIDE OF THE VIENNA EXPERIMENT FIELD 


This land had formerly been badly eroded. It was reclaimed by proper soil treatment and 
cropping. Compare with Fig. 5, 


THE OQUAWKA FIELD 


Since there are considerable areas of Dune Sand, Terrace, in Whiteside 
county, experiments on that type conducted by the University in Henderson 
county, near the Mississippi river, will be of interest. The field was established 
in 19138. It is divided into six series of plots. Corn, soybeans, wheat, sweet clover, 
and rye, with a catch crop of sweet clover seeded in the rye on the residues plots, 
are grown in rotation on five series, while the sixth series is devoted to alfalfa. 
When sweet clover seeded in the wheat fails, cowpeas are substituted. Table 13 
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TABLE 13.—OQUAWKA FIELD: Summary or Crop YIELDS 
Average Annual Yields 1915-1926—Bushels or (tons) per acre 


Serial Soil treatment Corn Soy- Wheat | Sweet | Rye Alfalfa 

plot applied beans clover? 

No. 12 crops | 12 crops'| 12 crops | 8 crops | 10 crops | 9 crops 
1 Oe £5 Magers ove ae eee 20.2 ( .99) 8.7 0.0 12.1 ( .42) 
2 TANI ois. kcck Reo aera 25.3 (1.19) 12.0 0.0 VEE ( .92) 
3 1b Re eee 33.4 1.61) 16.1 1.03 24.7 (2.37) 
4 WEP Os eae ee 33.9 (1.56) 16.4 1.05 23.4 (2.45) 
Bod Bor eee Ree ee 19.7 ( 217) 10.7 0.0 1207 ( .40) 
6 Re Rue Pees ce eae 21.2 ( .82) 12.2 0.0 12.9 ( .45) 
fi Des crcecareptn at tee Ste (1.17) 15.1 1.41 24.0 (2.11) 
8 GRIP 2. vs enemies Shh (1225) 15.6 1.28 24.1 (2.10) 
Olt REPK. Jsckaasoes gre 39.2 (1.20) 14.9 1.49 26.0 (2.17) 
10 Onecives Ea istaa ames 18.6 Conv) 9.6 0.0 10.3 29) 

Crop Increases 
Minver OQ: ee 5.1 ( 20) 3.3 0.0 1.6 ( .50) 
ROVER US. ct a eee 1S ( 205) 125 0.0 2 ( .05) 
Minover die. aes 8.1 ( .42) 4.1 1.03 11.0 (1.45) 
REP over Keema nee 16.0 (535) 2.9 1.41 1st (1.66) 
MLP over ML...... S52 == 05) 3 .02 | — 1.3 ( .08) 
RLP over Rb. ieee — 2 ( .08) 5 — .13 -1 |(— .01) 
RLPK over RLP.... 2.2 |(— .05) | — .07 .21 1.9 ( .07) 


1 Eleven regular crops, together with the extra crop described in the following footnote, aver- 
aged as 11 crops since the extra crop was a substitute for the red clover which killed out. Several 
crops which were harvested as seed are evaluated in this summary as hay. 

2 Some hay evaluated as seed. In 1918 the sweet clover was killed by early cutting for a hay 
crop. Soybeans were seeded in July and the ensuing crop is included in the soybean average. 


indicates the kinds of treatment applied; the amounts of the materials used 
were in accord with the standard practice, as explained on page 47. 

Limestone (L), it will be noted, has had a remarkably beneficial action on 
this sand soil. Where it has been used in conjunction with crop residues, the 
yield of corn has been practically doubled. It has also produced good crops of 
rye and fair crops of sweet clover and alfalfa. 

This land appears to be quite indifferent to treatment with rock phos- 
phate (P). The analyses show, however, that the stock of phosphorus in this 
type of soil is not large; and as time goes on and the supply diminishes under 
the production of good-sized crops, the application of this element may become 
profitable. It is also quite possible that a more available form of phosphate could 
be used to advantage on this very sandy soil. 

Altho the results show an increase of about 2 bushels of corn from the use 
of potassium salts (K), with ordinary prices this would not be a profitable 
treatment. The slight increases from the use of potassium appearing in the other 
crops are scarcely significant. 

A significant fact which the above summary does not bring out is that im- 
provement in crop yields under favorable treatment has been progressive, as 
evidenced by a very marked upward trend in production after the first few years. 
The yield of corn, for example, under the limestone-residues (RL) treatment 


WHITESIDE COUNTY ° 61 


Catch crop, crop residues Catch crop, crop residues, limestone 
Yield 27 bushels Yield 43 bushels 


Fic. 7—CORN ON THE OQUAWKA FIELD, DUNE SAND, TERRACE 


These pictures show the effect on the corn crop of the use of limestone in the residues 
system. Following the application of limestone, sweet clover makes a thrifty growth, which in 
turn benefits the corn and other crops in the rotation, As the average of the last rotation the 
plot at the left has produced 27 bushels of corn an acre, while that at the right has given a 
yield of 43 bushels. 


has been 37.2 bushels an acre as an average for the 12 crops since full treatment 
started, but if we take an average of the last five crops, the yield rises to 42.9 
bushels. Likewise the wheat yield under this same treatment for the eleven-year 
average is 15.1 bushels, but the average for the last five years is 22.3 bushels. 

Experience thus far shows rye to be better adapted to this land than wheat, 
and both alfalfa and sweet clover grow better than soybeans. With these two 
legume crops thriving so well under this simple treatment, we have promise of 
great possibilities for the profitable culture of this land, which hitherto has been 
considered as practically worthless. 


THE MANITO FIELD 


The Manito experiment field, in Mason county, which was in operation from 
1902 to 1905, gives some interesting results of the effects of soil treatment on 
Deep Peat. 


The field consisted of ten plots which received the treatments indicated in 
Table 14. Where potassium was applied, the yield was three to four times as 
large as where nothing was applied. Where approximately equal money values 
of kainit and potassium chlorid were used, slightly greater yields were obtained 
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Manure Manure and limestone 
Yield: Nothing Yield: 4.43 tons per acre 


Fic. 8.—ALFALFA ON THE OQUAWKA FIELD 


These pictures show the possibility of improving this unproductive sandy land of the Oquawka 
field. Both plots were seeded alike to alfalfa. Where manure alone was applied, the crop was a 
total failure, but where limestone i in addition to manure was applied, nearly 41% tons of alfalfa 
hay was obtained as the season’s yield. 


with the potassium chlorid, which, however, supplied about one-third more 
potassium than the kainit. However, either material furnished more potassium 
than was required by the crops produced. 


TaBLE 14.—MANITO FIELD: Derrp Prat 
Annual Crop Yields—Bushels per Acre 


Plot Soil treatment Corn | Corn Soil treatment Corn | Corn 
No 1902 1902 | 1903 1904 1904 | 1905 
il soe Sie hnosydesee. Leeteat GEE 10.9 S..1-| None: sé. .cts + chet L7100\12 70 
De a NONIG sv teres nen Penna ke oR 10.4 | 10.4 | Limestone, 4000 Ibs........ 20M LOe 1 

3 Relnié, GOOMbsreitas se aces 30.4 | 32.4 | Limestone, 4000 lbs., kainit, 
1200 Ibs......:3. ose 9.6 | 47.3 

4 | Kainit, 600 lbs., acidulated Kainit, 1200 lbs., steamed 

bone, 350 lbs... 30.3 | 33.3 bone, 395 lbs! <2. see 3.5 | 47.6 
5 Potassium chlorid, 200 Ibs. .| 31.2 | 33.9 1S Nec ie chlorid, 400 Ibs. .| 48.5 | 52.7 
6 Sodium chlorid, 700 Ibs. 1151 }-18.1 | UNone® .......50:2 eee 24.0) |. 2251 
7 Sodium chlorid, 700 Ibs....| 13.3 | 14.5 Kainit, 12001 bse eee AAS 5S| 47.3 
BH aeenrae TO) lis oo ceecenoes 36.8 | 37.7 Kainit, 600: Ibs. |. eee 44.0 | 46.0 
Fe aint. SOOMDS rey mies see 26.4 | 25.1 | Kainit, 300 lbs............ 41.5 | 32.9 
10 INOTIOce:. Si eet: Sena ee BR Ienentel4.9 ONE ¥ his sleds DR 26.0 | 13.6 


1Yjeld not recorded for 1902. 
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The use of 700 pounds of sodium chlorid (common salt) yielded no appre- 
ciable increase over the best untreated plots, indicating that where potassium is 
itself actually deficient, salts of other elements cannot take its place. 

Applications of 2 tons of ground limestone per acre produced no increase in 
the corn erops, either when applied alone or in combination with kainit, either 
the first year or the second. 

Reducing the application of kainit from 600 to 300 pounds for each two- 
year period reduced the total yield of corn from 164.5 to 125.9 bushels. The two 
applications of 300 pounds of kainit (Plot 9) appear to be insufficient. 


THE TAMPICO FIELD 


An experiment field representing a large area of the unproductive peaty 
land in Whiteside and neighboring counties was temporarily conducted by the 
University for three years beginning in 1902. This field was located about 5 
miles northeast of Tampico on the soil type mapped as Peaty Loam. The soil is 
described as consisting of ‘‘black peaty material, rich in organic matter to a 


"LIME, NITROGEN, PHOSPHORUS 


Fic. 9.—CORN ON THE TAMPICO FIELD, PEaty LOAM 


The application of potassium in some form is an absolute necessity in order to produce 
corn on this black peaty soil. On the plot at the left the crop was a failure, altho lime, 
nitrogen, and phosphorus had been applied. The plot at the right, receiving lime, nitrogen, and 
potassium, produced 58.7 bushels of corn an acre. 


depth of 16 inches. Between 16 and 30 inches, the material is lighter in color 
and quite sandy, with little organic matter. The subsoil below 30 inches is almost 
pure coarse sand.’’ 

This field consisted of but a single series of 10 plots. The plan of treatment 
is indicated in Table 15. Nitrogen was applied in 800 pounds of dried blood an 
aere a year and phosphorus in 200 pounds of bone meal. ' The potassium was 
furnished by 200 pounds an acre of potassium chlorid applied in 1902 and by 
the same quantity of potassium sulfate applied in each of the two years following. 
Slaked lime was applied at the rate of 450 pounds an aere in 1902. Corn was the 
only crop grown during the three-year test. 

The results in terms of annual corn yields are recorded in Table 15. Accord- 
ing to notations in the records the plots were not altogether uniform with respect 
to topography. Plots 9 and 10, lying a little higher than the others, were more 
favorably located for the excessively wet seasons of 1902 and 1903, thus causing 
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Tasue 15.—TAMPICO FIELD: Annuat Crop Y1Eeups 
Bushels per acre 


Plot Soil treatment applied 1902 1903 1904 

No. Corn Corn Corn 

101 NOnCY 25,25.06:5 Tae a arse rer eei cial <n ae opartee 0.0 0.0 0.0 
102 | Lime (and potassium after 2 years)................. 0.0 0.0 26.91 
403. ‘| Lime, nitrogen sete. ce b estoy ees vec cee 0.0 0.0 0.0 
104. ¥:|. Lame; bone mealsesme es... wees aes ce sok ee IE 0.0 0.0 0.0 
105s) Lames pobassrum, sae sets scp! Seiegarattass cia aie oekaki 34.1 45.4 45.2 
106: 4\. Lime; nitrogen;;bonewmeal... S.cen. acca ets 0.0 0.0 0.0 
107 Lime, nitrogen; potassiums + sec velo ee cee 37.6 58.7 44.1 
108-7 | ame; bonemeal spotasstumin «sccm eee: 35.3 46.8 43.0 
109 Lime, nitrogen, bone meal Spotassiume.. .. aeuies oer 56.5 65.9 44.0 
110 Nitrogen, potassium, bone meal.................-.- 49.4 58.6 35.6? 


1125 pounds potassium sulfate per acre was applied to Plot 102 in 1904. ? No potassium was 
applied to Plot 110 in 1904. 


the nitrogen and phosphorus treatments on these plots to appear at an unfair 
advantage. In 1904, with a more nearly normal rainfall, this undue advantage 
disappeared and these plots yielded no more than the corresponding plot treated 
with potassium (Plot 105). This lack of response from both the nitrogen and 
the phosphorus treatments is not surprising if the composition of Peaty Loam 
type be taken into consideration; by reference to the tables of plant-food con- 
tent (page 11 to 13) it will be observed that this type of soil is extraordinarily 
high in nitrogen and also very rich in phosphorus. 

The lime was without effect but, as a matter of fact, this land does not need 
lime, as evidenced by the high calcium content shown in the analyses of samples 
of this soil type. 

The outstanding feature of these results is shown in the response to potas- 
sium fertilization. Every plot from which potassium was omitted was invariably 
a total crop failure; while every plot treated with a potassium salt produced each 
year a fair yield of corn. 

These experimental! results on the Tampico field are borne out in the prac- 
tical experience of farmers in the vicinity, and the conclusion is that some 
potassium-bearing mineral is essential in any scheme to make this land productive. 
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The Soil Survey of Illinois was organized under the general supervision |. 
of Professor Cyril G. Hopkins, with Professor Jeremiah G. Mosier directly 
in charge of soil classification and mapping. After working in association 
on this undertaking for eighteen years, Professor Hopkins died and Profes-=. 
sor Mosier followed two years later. The work of these two men enters so 
intimately into the whole project of the Illinois Soil Survey that it is im- 
possible to disassociate their names from the individual county reports. 
Therefore recognition is hereby accorded {Professors Hopkins and Mosier’ 
for their contribution to the work resulting in this publication. : 
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INTRODUCTORY NOTE 


It is a matter of common observation that soils vary tremendously in their 
productive power, depending upon their physical condition, their chemical com- 
position, and their biological activities. For any comprehensive plan of soil 
improvement looking toward the permanent maintenance of our agricultural 
lands, a definite knowledge of the various existing kinds or types of soil is a 
first essential. It is the purpose of a soil survey to classify the various kinds of 
soil of a given area in such a manner as to permit definite characterization for 
description and for mapping. With the information that such a survey affords, 
every farmer or landowner of the surveyed area has at hand the basis for a 
rational system of improvement of his land. At the same time the Experiment 
Station is furnished an inventory of the soils of the state, upon which intelli- 
gently to base plans for those fundamental investigations so necessary for solving 
the problems of practical soil improvement. 

This county soil report is one of a series reporting the results of the soil 

“survey which, when completed, will cover the state of Illinois. Each county 
report is intended to be as nearly complete in itself as it is practicable to make 
it, even at the expense of some repetition. There is presented in the form of an 
Appendix a general discussion of the important principles of soil fertility, in 
order to help the farmer and landowner to understand the significance of the 
data furnished by the soil survey and to make intelligent application of the 
same in the maintenance and improvement of the land. In many eases it will 
be of advantage to study the Appendix in advance of the soil report proper. 

Data from experiment fields representing the more extensive types of soil, 
and furnishing valuable information regarding effective practices in soil man- 
agement, are embodied in the form of a Supplement. This Supplement should 
be referred to in connection with the deseriptions of the respective soil types 
found in the body of the report. 

While the authors must assume the responsibility for the presentation of 
this report, it should be understood that the material for the report represents 
the contribution of a considerable number of the present and former members 
of the Agronomy Department working in their respective lines of soil mapping, 
soil analysis, and experiment field investigation. In this connection special 
recognition is due Mr. O. I. Ellis, who, as leader of the field party, was in direct 
charge of the mapping. 
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HENRY COUNTY SOILS 


By R. S. SMITH, E. E. DeTURK, F. 0. BAUER, anv L. H. SMITH! 


PHYSICAL GEOGRAPHY OF THE COUNTY 


Henry county is situated in the northwestern part of Illinois, a little above 
the 41st parallel of latitude. Rock river forms its northwestern border for about 
twenty miles. It is 815 square miles in area, and about a third of it lies in the 
Green river basin. 

The Weather Bureau records taken at Galva for the 31-year period 1895 
to 1926 are used as representing the climatic conditions of the county. The 
greatest range in temperature for any one year during this period was 126 
degrees in 1899 and again in 1916. The lowest temperature was 28° below zero 
in 1905, the highest 108° in 1901. The average date of the last killing frost in 
the spring is April 28; the earliest in the fall, October 13. The average length 
of the growing season is therefore about 168 days. 

The average annual rainfall for the period 1895 to 1926 was 33.11 inches. 
The rainfall by months was as follows: January, 1.65 inches; February, 1.48; 
March, 2.71; April, 2.85; May, 4.11; June, 3.71; July, 3.84; August, 3.61; 
September, 3.89; October, 2.11; November, 1.79; December, 1.42. 
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Fic. 1—MontTHLY DISTRIBUTION OF RAINFALL IN HENRY COUNTY 


The distribution of the rainfall thruout the year is on the whole favor- 
able for the production of the crops commonly grown in Henry county. 


AGRICULTURAL PRODUCTION 


The diversified soil and topographic conditions in Henry county have re- 
sulted in diversified farming, with stock raising taking an important place in 
the agriculture of the county. 

In 1920, according to the Fourteenth Census, there were 3,161 farms in 
Henry county, a decrease of about 5 percent in ten years. The following figures 
show the acreage and production of the principal crops grown in the county for 

the year 1919: 


+R. 8S. Smith, in charge of soil survey mapping; EH. H. DeTurk, in charge of soil analysis; 
F. C. Bauer, in charge of experiment fields; L. H. Smith, in charge of publications. 
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Crops Acreage Production Yield per acre 
Gorn: 5553. asa oes 146,430 6,587,017 bu. 44.9 bu. 
Oats codecs aie lage mines 75,295 2,449,223 bu. 32.5 bu. 
WHat. casino ene tie Rial 22,423 424,981 bu. 18.9 bu. 
LATMOUULY 5 ois etebeeersteversiats ale ae 10,763 14,926 tons 1.38 tons 
Timothy and clover mixed.... 27,301 41,966 tons | 1.54 tons 
Clover . . =: ssttewaeme micas ss 3% 9,157 13,933 tons 1.52 tons 
Alfalta’ 5.) 5 caieeet eats doin nie 1,440 3,960 tons 2.75 tons 
Silage crops 5 srenmies = wie seins ole 6,887 59,037 tons 8.57 tons 
Corn: for, Fora geen. + pean eo 3,624 8,223 tons 2.27 tons 


The total value of all crops for 1919 was estimated at $15,746,000. No figures 
are available showing the acreage used for pasture but the hilly and eroded por- 
tions are very generally devoted to this use. 
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Fic. 2.—RELATIVE ACREAGE OF FIELD CROPS IN HENRY COUNTY 


The diagram brings out the preponderance of land devoted to 
corn and oats. Legume crops might well occupy a larger propor- 
tion of the cultivated acreage. (From 1920 Census.) 


The importance of the livestock industry in this county, particularly beef 
cattle and hogs, is shown by the following figures taken from this same Census: 


Animals and Animal Products Number Value 
FHOTses 661s ois ciaisin Sia mare ee ee a sieaias <aieie ce tetenets 22,155 $2,193,837 
LY DE ee eee ae iar by yin Siporionion So Suk 867 112,503 
Beet cattle’. ¢/ocscmic-osieatp ete see cre vio ecole ratios 55,637 3,593,766 
Dairy Cattle cx cutstematees tie ote Sie sid sitet 14,750 1,025,301 
Sheep = ss (aie ce eee ee eee a he chee Bee 13,215 167,622 
SWHG ose, Wisc wins Sep ale Detounsta sielareras a ste s Sie eke Sees 140,286 3,310,466 
Chickens and other poultry............e..eeee- 352,134 368,371 
Chickens ‘and €22S SO] dicire ye1c/orctetere aie)u sans oleae mist eres 550,815 
Dairy: Products Sold te cues o0\ss<cetelo lose: shoja'siclois/-inia wie aus erie 525,664 


The total value of livestock and livestock products as shown by these figures, 
was nearly $12,000,000 in 1919. ; 

Fruit growing is not important in Henry county and commercial vegetable 
growing is limited to certain areas of peat, particularly the one four miles north 
and a mile and a half east of Annawan, where a large acreage of onions is grown 
more or less regularly. : 
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HENRY COUNTY 


INVOICE OF THE ELEMENTS OF PLANT FOOD 
IN HENRY COUNTY SOILS' 


Three Depths Represented by Soil Samples 


In the Illinois soil survey each soil type is sampled in the manner described 
below and subjected to chemical analysis in order to obtain a knowledge of its 
important plant-food elements. Samples are taken, usually in sets of three, to 
represent different strata in the top 40 inches of soil, namely: 

1. An upper stratum extending from the surface to a depth of 6% inches. This stratum 


over the surface of an acre of the common kinds of soil, includes approximately 
2 million pounds of dry soil. 


2. A middle stratum extending from 63% to 20 inches and including approximately 4 
million pounds of dry soil to the acre. 


3. A lower stratum extending from 20 to 40 inches and including approximately 6 

million pounds of dry soil to the acre. 

By this system of sampling we have represented separately three zones for 
plant feeding. It is with the upper, or surface layer, that the following dis- 
cussion is mostly concerned, for it includes the soil that is ordinarily turned with 
the plow, and is the part with which the farm manure, limestone, phosphate, or 
other fertilizing material is incorporated. Furthermore it is the only stratum 
which can be greatly changed in composition as a result of adding fertilizers. 

_ For convenience in making application of the chemical analyses, the results 
presented in Tables 2, 3, and 4 are given in terms of pounds per acre. It is a 
. simple matter to convert these figures to a percentage basis in case one desires to 
consider the information in that form. In comparing the composition of the 
different strata, it must be kept in mind that it is based on different quantities 
of soil, as indicated above. In order to show the comparative concentration of the 
various constituents in the different strata, the figures for the middle and lower 
strata must therefore be divided by two and three respectively. 


Wide Range in Organic Matter and Nitrogen 


It ean readily be seen from Table 2 that there is a wide variation among the 
different soil types of Henry county with respect to their content of the different 
plant-food elements in the upper 6% inches of soil. There appears to be but 
little relationship among these variations except with respect to organic carbon 
and nitrogen, the quantities of which run parallel from type to type tho the 
organic-carbon content is usually 10 to 12 times as great as the nitrogen. This 
relationship between organic carbon and nitrogen is explained by the well- 
established fact that all soil organic matter (of which organic carbon is the 
measure) contains nitrogen, and that most of the soil nitrogen—usually 98 per- 
cent or more—is present in a state of organic combination, that is, as a part of 
the organic matter. This relationship is also maintained in the middle and 
lower sampling strata. 

The range in soil content of organic matter and nitrogen is very wide. The 
‘upland prairie soils are for the most part relatively high in these constituents. 


*In the chemical study of the Henry county soils, some samples representing the respective 
types were collected in bordering counties. 
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The upland timber soils are generally fairly low. The upland timber soils range 
from 13,650 pounds of organic carbon an acre in Yellow Fine Sandy Silt Loam 
up to 30,940 pounds in Yellow-Gray Silt Loam, with an average of 22,090 pounds. 
The upland prairie soils, exclusive of Dune Sand, range from 31,150 to 88,650 
pounds, and average 55,380 pounds, or more than twice the amount found in 
the former group. Dune Sand is omitted from the average for upland prairie 
soils as given above. This, as is usually the case with very sandy soils, is very 
deficient in organic matter and nitrogen, the organic carbon amounting to only 
12,420 pounds an acre in the surface stratum. The porous, open character of 
these soils permits the rapid oxidation of organic matter, so that it disappears 
from the soil much more rapidly than from the heavier types. Dune Sand is in 
fact but little more than the skeleton of a soil and cannot readily be brought up to, 
and maintained i, a state of productiveness without first incorporating active 
organic materials in it and continuing with frequent subsequent: additions. The 
soil is usually acid and hence limestone and legume green manures constitute the 
first and most important steps in converting it into a productive soil. 


The soils richest in organic matter and nitrogen are found in the terrace 
and bottom-land groups. Black Silt Loam contains the largest amount of organic 
carbon of any soil in the county except Deep Peat and Medium Peat, which are 
composed mainly of organic matter. The organic carbon of Black Silt Loam 
amounts to 188,480 pounds an acre, with a corresponding nitrogen content of 
18,350 pounds. While such soils as this will withstand more abuse by the prac- 
tice of continuous cropping than most soils, and are not so greatly in need of 
additions of organic carbon, yet the use of manure and the systematic growing | 
of legumes for pasture and plowing down serve to renew the active organic 
material in the soil in a way which is reflected in increases of crop yields. 


Phosphorus Content of Light-Colored Soils Relatively Low 


With regard to total phosphorus, the upland timber soils on the whole are 
found to be the most deficient, while the bottom-land soils rank highest in this 
element. As is usually the case, Black Silt Loam and Black Clay Loam are out- 
standing types with respect to high phosphorus content. Black Silt Loam is high 
not only in phosphorus but in all other elements except potassium. This type, 
however, is not very extensive, occupying only 17.55 square miles or about 2 
percent of the area of the county. As in the ease of organic matter and nitrogen, 
Dune Sand resembles the upland timber soils in its low phosphorus content. 


Phosphorus, in contrast with certain other elements, is not removed from the 
soil by leaching. It is converted by growing plants into organic forms and tends 
to accumulate in the surface soil in these forms in plant residues at the expense 
of the underlying strata. Thus a portion of the soil phosphorus is also associated 
with soil organic matter. The second stratum (624 to 20 inches) furnishes much 
of the phosphorus thus moved upward, altho obviously the lower stratum has 
also contributed. Consequently the surface soil generally contains a larger 
proportionate amount of phosphorus than the middle stratum amis in the ma- 
jority of cases, more than the lower stratum. 
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Sulphur Generally Well Supplied 


While not so closely associated with each other as organic matter and 
nitrogen, there is some degree of correlation between sulfur, and organic carbon. 
This is because a considerable tho varying proportion of the sulfur in the soil 
exists in the organic form, that is, as a constituent of the organic matter. Most 
of the Henry county soils are fairly well supplied with sulfur, the sandy types 
being the lowest. It ranges in the surface soil from a minimum of 260 pounds 
an acre in the upland Dune Sand to 2,800 pounds in Black Silt Loam, Terrace. 
These analyses show a sulfur content ranging for the most part from half to 
three-fourths as high as the phosphorus content, averaging approximately two- 
thirds as high. The peaty soils and the Black Silt Loam, all very high in organic 
matter, contain large quantities of sulfur, varying from 2,120 to 2,800 pounds 
an acre in the surface stratum, and in these the sulfur content is considerably 
greater than the phosphorus content. 

The sulfur content decreases with increasing depth in nearly all cases, as 
may be seen from a comparison of the figures in Tables 2, 3, and 4. This is to be 
expected since, as stated above, a portion of the sulfur exists in combination with 
the organic matter of the soil, and not only is the organic matter more abundant 
in the upper stratum, but also the organic forms of sulfur are held more ten- 
aciously against the leaching action of ground water than are the inorganic forms. 

The sulfur available to crops, however, is affected not only by the soil supply, 
but also by that brought down from the atmosphere by rain. Sulfur dioxid 
escapes into the air in the gaseous products from the burning of all kinds of 
fuel, particularly coal. The gaseous sulfur dioxid is soluble in water and con- 
sequently is dissolved out of the air by rain and brought to the earth. In regions 
of large coal consumption the amount of sulfur thus added to the soil is relatively 
large. At Urbana during the eight-year period from 1917 to 1924 there has 
been added to the soil by the rainfall an average of 3.5 pounds of sulfur an 
acre a month. Similar observations have been made in other localities for 
shorter periods. The precipitation at the various points in the state in a single 
month has varied from a minimum of three-fourth of a pound to more than 10 
pounds an acre. 

These figures afford some idea of the amount of sulfur added by rain and 
also of the wide variations under different conditions. On the whole the facts 
would indicate that the sulfur added from the atmosphere supplements ade- 
quately that contained in the soil, so that apparently there is little need for 
sulfur fertilizers in Henry county. In order to determine definitely the response 
of crops to applications of sulfur fertilizers, experiments with gypsum have been 
started on a number of the Illinois experiment fields. 


Potassium Deficient in Peaty.and Sandy Types 


Potassium is deficient in Deep Peat and in Medium Peat, as is usually the 
ease with these types, the total amounts in the upper 6%% inches of soil being 
6,950 and 6,420 pounds an acre respectively. The sandy types of Henry county 
contain on the average only about two-thirds as much potassium as the mineral 
soils of finer texture. In addition to the handicap of smaller total quantities of 
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this element, sandy soils carry a considerable proportion of their potassium 
content in the coarse sand grains. The relatively smaller total surface exposed 
in the case of these coarser soil particles greatly reduces the rate at which 
potassium is dissolved, thus lowering its availability. This deficiency of available 
potassium in the sandy soils may be offset, at least in part, by the greater 
facility with which crop roots can penetrate soils of that character as compared 
with the heavier types. 

The other soil types of Henry county are normal in their content of 
potassium. Potassium exhibits little difference in percentage in the three 
sampling layers. 


Calcium and Magnesium Vary Widely Within the Type 


The analyses show wide variations among the soil types in the amounts of 
calcium and magnesium present. Some are low in these elements, especially the 
sandy types. In very acid soils a sufficient amount of calcium is taken up with 
difficulty by growing crops from the comparatively insoluble forms in which it 
exists in such soils. The benefit realized from liming such soils may therefore 
be due, not wholly to the correction of acidity, but in part to the fact that the 
limestone supplies calcium as a plant-food element in a form which rapidly be- 
comes available to crops. 

Variations in the amounts of calcium and magnesium in the different depths 
furnish a clue as to the translocation of these elements during the long period 
in which the different types were developing. In the surface stratum calcium 
exceeds magnesium in most cases. This would indicate a larger percentage of 
calcium than of magnesium in the soil-forming materials. The idea is also in 
harmony with geological evidence. With increasing depth the concentration of 
calcium is usually about the same as in the surface, while in the case of magnesium 
the concentration increases progressively thru the middle and lower strata. 

This situation may be explained by the fact that as these two elements are 
dissolved from the surface soil, they are carried downward in solution. In the 
downward movement magnesium is more readily reabsorbed by the soil mass 
than calcium, thus tending to force calcium into the solution to be carried 
farther down. Consequently, while magnesium tends to accumulate in the 
middle and lower strata, the liberated calcium may accumulate at still greater 
depths or may be washed away entirely. These movements of calcium and mag- 
nesium, as indicated by the analyses of the different strata, constitute one factor 
in estimating the relative maturity of the various soil types. The higher propor- 
tion of magnesium to calcium in the lower levels as compared to the surface soil 
tends, in general, to be accentuated with the more fully developed or mature soil 
profiles. Thus we see a correlation of this chemical characteristic of the soil with 
the processes of its development. 

Some of the calcium values, as given in the tables, appear to be very erratic. 
The very large amounts of calcium in some of the types are an indication of the- 
presence of finely divided native calcium carbonate (limestone). Sometimes 
calcium carbonate is present in the surface stratum, as in the ease of Black Silt 
Loam with its high calcium figure of 55,570 pounds an acre. Again, being fairly 
soluble in the soil water calcium carbonate has leached away from the upper 
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TaBLe 2.—HENRY COUNTY SOILS: Piant-Foop Extements 1n Upper Sampuina Stratum, 
ApBout 0 To 6% INcHEs! 


Average pounds per acre in 2 million pounds of soil 


Soil Total | Total | Total | Tota] | Total |-Total | Total 
type Soil type organic | nitro- | phos- | sulfur | potas- |magne-| calcium 
No. carbon | gen |phorus sium | sium 
Upland Prairie Soils (200, 500, 700, 800) 
226 
526 Brown sult: Loam: ....\.......- 72 030} 5 030} 1 190 820} 32 680} 8 790} 12 160 
726 
730} | Black Clay Loam............. 88 650| 7 290| 1 740] 1 350] 30 690| 12 710] 22 O10 
841 Brown Fine Sandy Silt Loam. .| 39 690} 3 590} 1 060 810) 33 760) 6 870) 9 960 
7b} | Brown Sandy Loam.......... 31 150] 2 780; 800] 650| 23 980| 4 8901 8 380 
ee Brown-Gray Silt Loam On 
CaN C1 ES eee 45 380} 4 050) 1 210 860} 32 100} 6 310) 8 280 
781 COLE EES ores |e eee eee 12 420} 1 020 480 260! 17 280| 3 720| 5 480 
Upland Timber Soils (200, 500, 700, 800) 

234 
oo Yellow-Gray Silt Loam....... 30 940) 2 830) 630} 940} 34 420) 5 710} 8 510 
34 
235 
a Mellow Silt) Loam:............ 25 600) 2 270) 820} 390] 34 100} 6 980) 7 530 

5 


844 | Yellow-Gray Fine Sandy Silt 
UOT Ren Oe Cee 18 160] 1 820; 840) 480) 34 820} 3 920) 9 940 
845 | Yellow Fine Sandy Silt Loam. .| 13 650] 1 470] 880] 440] 35 490] 5 920] 8 960 


Terrace Soils (1500) 


1526 BeOWR OE ALOAM.... 26.5 sesee- 57 030) 4 830] 1 420 750] 32 680) 8 150) 17 360 
1520 Black'Clay Loam. ...:........ 75 880) 6 420) 1 720) 1 260) 33 340} 18 610} 23 040 
igri MLE RO PSR MTA tts orth clay sialic apeneiorn a atetere eee lle he ciao | gis hieiars [lavas weyers le le goa wotell Bame Sale 
Po25malelack Sut LOAM... . 6.6.0 e 0s. 188 480/18 350} 2 310} 2 800} 24 890} 13 660} 55 570 
1561 Black Sandy Loam........... 107 270)10 490} 1 300} 1 250} 19 500} 6 160} 49 040 
1571 Brown Fine Sandy Loam...... 62 360) 5 020} 1 680) 1 000) 27 840) 3 760) 9 840 
1560 | Brown Sandy Loam.......... 34 510) 2 920} 1 020} 620) 24 580} 4 830) 8 620 
1528 | Brown-Gray Silt Loam On 

‘Titel nln (Ol Eh eee 51 740} 4 510} 1 420} 870) 31 590) 5 410) 8 850 
1568 | Brown-Gray Sandy Loam On 

BEG RONG icteric ease + a! eleia eile « 48 070] 4 200} 1 130} 720) 24 330} 4 120) 6 820 
1581 WOENO ROAM ene shea S so sai ore aes 12 080 970 810 400} 19 910} 3 390] 7 520 

Swamp and Bottom-Land Soils (1400) 

1426 Deep Brown Silt Loam........ 78 150} 6 010) 1 540) 1 040} 31 660) 10 420) 16 460 
1420 Black Clay oam..5.......... 78 900} 6 380} 1 950) 1 130} 52 710} 13 660} 20 990 


1454 eae sCRM TCS EAE ech te RN eves s'| 2 carsy arckeres| ileus tee otll vse cutiesllate os ae cce'lls eewicasiove oil Sells: sual abe [loko ws" sume 


HOS mMC aN TELCO EO ATIC LOAM. . 3 ,|'s.cio cre clalia boi stole ctee Ql acacia sale ed were c)alee v0.0 4) aces wee 
Mesmiiporownevimen pandy Loam® . a.) 52. 5. cls cows clos eenlieme wern|aceeaes|ieesccd elec scours 


1460 | Brown Sandy Loam.......... 60 960} 5 110) 1 540; 890) 25 380) 6 340) 15 640 
1402 | Medium Peat On Clay*....... 257 570/22 650} 1 500) 2 120) 6 420} 5 670) 27 770 
PAOM RU PDCODEE CALS cine cele wines alee 283 110/26 020) 1 550) 2 760) 6 950) 5 410] 21 620 


LIMESTONE AND SOIL ACIDITY.—In connection with these tabulated data it should 
be explained that the figures for limestone content and soil acidity are omitted not because of any 
lack of importance of these factors, but rather because of the peculiar difficulty of presenting in 
the form of general numerical averages reliable information concerning the limestone requirement 
for a given soil type. A general statement, however, will be found concerning the lime require- 
ment of the respective soil types in connection with the discussions which follow. 


1In obtaining the average analyses as presented here samples of some of the types taken in 
adjacent counties are included. *No samples were obtained. *Analytical results are not in- 
cluded for the Mixed Loams because of the heterogeneity of these types. ‘Amounts reported are 
for 1 million pounds of Deep Peat and Medium Peat On Clay. 
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TasLE 3.—HENRY COUNTY SOILS: Piant-Foop ELEMENTS IN Mippie SAMPLING STRATUM, 
Axsout 62% To 20 IncHEs! 


Average pounds per acre in 4 million pounds of soil 


Soil Total | Total | Total} Total | Total | Total | Total 
type Soil type organic | nitro- | phos- | gylfur | potas- |magne- | calcium 
No. carbon | gen |phorus sium | sium 
Upland Prairie Soils (200, 500, 700, 800) 
226 
526) | Brown Silt Loam......2.-.... 82 480) 6 870} 2 010) 1 300} 64 790} 21 510) 23 380 
726 
320 | Black Clay Loam...........-. 113 300] 8 360| 2 830| 2 140| 62 710] 28 400] 41 440 
841 | Brown Fine Sandy Silt Loam. .| 50 940) 4 790} 1 910} 1 290} 69 960) 15 250} 19 630 
360 \ | Brown Sandy Loam.......... 35 540] 3 320| 1 320] 910] 52 780 11 470] 14 820 
oa Brown-Gray Silt Loam On 
Might Olay eee sitet eee ore 41 630) 4 130} 1 760) 1 160} 67 680] 16 180} 16 550 
TSN UNG Sanda im nce eebeesines 14 080! 1 0401 7201 4401 31 920! 6 480] 10 920 
Upland Timber Soils (200, 500, 700, 800) 
234 
534} | Yellow-Gray Silt Loam........| 25 540} 2 520) 1 540} 590) 69 120} 17 290] 15 660 
734 
235 
535+ | Yellow Silt Loam.......... .«. 19 710} 1 960) 1 500} 520) 69 640} 19 650) 13 990 
735 
844 | Yellow-Gray Fine Sandy Silt 
Loam te be ceemena . eee 17 160} 2 320) 1 720} 760) 73 360} 11 160) 21 560 
845 | Yellow Fine Sandy Silt Loam. .| 13 400] 1 700| 2 320} 840] 68 820] 14 120] 21 220 
Terrace Soils (1500) : 
1526p brown wilt lo amnermy-te stot ce 62 880} 5 380} 1 900} 1 280) 73 240) 15 860} 21 880 
1520) |) Black Clay Loam: <3... .2:e:.*- 93 060} 7 900} 3 600) 1 760} 67 480) 23 640) 40 940 
1517.) Black Clay?... co. cco cee dee cee elena este| cme 2 2] e 2 ele 10 5 eee en 
1525) 5) Black. Silt Hoam.rs sata = 252 520/20 440] 3 840) 4 480} 49 200) 26 730/102 740 
1561 | Black Sandy Loam........... 69 570) 5 570} 1 680} 1 130] 41 050) 11 440} 48 090 
1571 | Brown Fine Sandy Loam...... 40 880} 3 520} 1 760) 1 200} 73 040) 9 400} 20 120 
1560 | Brown Sandy Loam.......... 39 770} 3 4380} 1 710) 940) 50 790] 10 000} 15 010 
1528 | Brown-Gray Silt Loam On 
Tight: Clay seen. acces 48 410) 4 270} 2 340) 1 040} 66 500) 13 400} 13 440 
1568 | Brown-Gray Sandy Loam On 
Tight Clavie chitsae «seats ore 28 250) 2 650} 1 870) 860) 54 920) 10 000] 12 620 
ADS lel Dune Sands). wisn weer sue 11 950} 1 050} 1 350| 760! 39 790] 6 970] 15 360 
Swamp and Bottom-Land Soils (1400) 
1426 | Deep Brown Silt Loam........ 90 700} 6 040} 1 960} 1 040) 63 180} 22 960) 29 900 
14207) Black Clay Loam-..... 5-..... 95 410) 8 050} 3 150) 1 540) 66 420) 28 730) 40 760 
1454. |; Mixed Loam!. . .. cence cele sais «|e ae sce lewac ante aie oat e cree ne 
1450 -| Black Mixed Loam: ...5..522.) 220 sc0e)es ce oles sc ee|s aso nee clea enon ere 
1463:.8| Black Mixed Sandy Loam?. ...|......<.)s20- ¢|.< 000 2]ewe + oll tl eeteen eae 
1463.7). Brown Mixed Sandy Loam’. ...)........|:2...2)52¢ 2 «ols « ><] Ghee eee 
1460 | Brown Sandy Loam........... 67 690} 5 950] 2 570} 1 120) 52 640} 16 440) 39 400 
1402 | Medium Peat on Clay!........ 226 300/20 480} 1 860} 3 910) 20 800} 11 980) 47 520 
14010 Su5 Deep: Peatts 2. act ase nett 521 320/44 010] 2 610} 5 690] 12 870]. 9 660] 44 830 


LIMESTONE AND SOIL ACIDITY.—See note in Table 2. 


‘In obtaining the average analyses as presented here samples of some of the types taken in 
adjacent counties are included. *No samples were obtained. Analytical results are not in- 
cluded for the Mixed Loams because of the heterogeneity of these types. ‘Amounts reported 
are for 2 million pounds of Deep Peat and Medium Peat On Clay. 
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Taste 4.—HENRY COUNTY SOILS: Prant-Foop Etements in Lowrr SAMPLING STRATUM, 
Axsourt 20 To 40 INcHEs! 


Average pounds per acre in 6 million pounds of soil 


Soil Total | Total | Total} Tota] | Total | Total | Total 
type Soil type organic | nitro- | phos- | sulfur | potas- |magne-| caleinm 
No. earbon| gen |phorus sium | sium 
Upland Prairie Soils (200, 500, 700, 800) 
oe 
526; 1) Brown silt, Loam............. 40 560) 4 100} 2 580} 1 470)100 660} 43 710} 39 940 
726 
m0, Black Clay Loam............. 46 560| 3 510] 3 710| 1 540] 97 370| 48 540| 55 130 
841 Brown Fine Sandy Silt Loam. .| 30 910] 3 440} 2 870} 1 460/102 560) 29 870) 33 110 
dl Brown Sandy Loam...........| 22 730] 1 970| 1 710| 1 010] 75 360| 19 140] 27 360 
oe Brown-Gray Silt Loam On 
BI oi MON a Rhee ysis, 2 wleie «o> 29 220) 3 240] 2 990 740} 99 990) 41 570) 32 900 
781 iD ey Says (er ieee 9 900 540} 1 020 900} 50 100} 12 480! 17 940 
Upland Timber Soils (200, 500, 700, 800) 
234 
534} | Yellow-Gray Silt Loam........| 18 120] 2 490} 3 140) 970|100 790} 40 740) 30 160 
734 
235 
535 Wellowsolt oam............ 18 730} 2 110) 2 730 610/105 220} 39 140} 41 020 
735 
844 | Yellow-Gray Fine Sandy Silt 
[LO anit: VAN a eer aieg eee 15 360) 2 220) 3 600) 1 320/106 740) 24 000) 37 200 
845 Yellow Fine Sandy Silt Loam. .| 15 000| 1 740} 3 840 930/103 650} 24 960!, 38 460 
Terrace Soils (1500) 
1526 Brown silt Loam............. 36 450) 3 130} 2 910) 1 020/106 740) 34 680} 32 580 
H5S2OMM black Olay WORM e056... s s+ ss 47 130) 4 590) 4 230} 1 770/103 410] 35 910] 51 990 
YR [MG Set LN NP Poe 8 5 5c cca i f\acere Set oA aconcgeteis'| o Sieteyess)| yar apeeG.| «ais wma slereidas oral Steaoreens 
1525 Bisekesitt WOaM.......56.0. 75 090} 8 370} 4 810) 1 460} 84 630} 48 100/225 450 
1561 Black Sandy Loam........... 32 360) 2 140} 1 960} 1 060) 66 780} 21 280) 40 400 
1571 Brown Fine Sandy Loam...... 22 320] 2 280) 2 580] 1 020} 95 400} 16 380} 31 020 
1560 Brown Sandy Loam.......... 22 820) 2 170] 2 000 760} 75 210} 16 350) 22 050 
1528 | Brown-Gray Silt Loam On 
' Thiciate, (CHEN) Si ee eee 29 610) 3 180} 3 000} 930} 90 170) 31 280} 26 930 
1568 | Brown-Gray Sandy Loam On 
“tied i; (QUE ce an eae 21 060} 2 080} 2 720 940) 73 660} 19 640) 19 450 
1581 PROMS AE eccals i oscars ie es 11 690 810} 1 760 710! 59 990} 18 330} 36 490 
Swamp and Bottom-Land Soils (1400) 
1426 Deep Brown Silt Loam........ 49 290} 3 390) 2 730 540/102 210} 36 030} 42 210 
1420 Black Clay Loam,............ 67 700). 5 290} 4 850) 1 940} 95 570} 45 820] 67 400 
Hea Pam eA NLC MPRA NM Toras, Siprate sts\|(- sche eisic |(e.cie0d os [vase efiee clea elles cee cl ees crea ele mele sone 
HAO Mn Mate CU MOAI iach c gayecis||(ssicqere| seve se[sacedelesecccls oceveeleceecslewe secs 
HAQOM SIM aC mULEXe MESA Cys LORIN? 9.2 4.,)] 2c oe laralailn sia cic afices ce clus cee s|t ous ce[ienceacleoae ees 
PAGS LO aa NX GC OANCVGHOAMS. << | vec siee sate cece lac culec|na coe clawaoesc|eeececclaeaeeee 
1460 Brown Sandy Loam........... 57 260) 3 860} 3 500} 1 280) 72 320) 43 900|162 540 
1402 Medium Peat On Clay........] 76 440] 5 820) 3 240) 1 800} 60 540} 66 720/625 860 
1401 WDC SWORE ee hale ess acs sie 531 750/40 380] 2 860} 8 120] 25 510} 17 580)163 660 


__ LIMESTONE AND SOIL ACIDITY.—See note in Table 2. 
1In obtaining the average analyses as presented here samples of some of the types taken in 


adjacent counties are included. 
cluded for the Mixed Loams because of the heterogeneity of these types. 


are for 3 million pounds of Deep Peat. 


2No samples were obtained. 


sAnalytical results are not in- 


4Amounts reported 


# 
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stratum of some soils but is still present in abundance in the middle or in the 
lower stratum. Brown Sandy Loam, Bottom, illustrates such a condition. Here 
the lower stratum has 162,540 pounds of calcium in 6 million pounds of soil, 
which after being converted to the 2-million pound basis for comparison with 
the surface stratum is found to be more than three times as concentrated. The 
lower stratum in this ease contains a large amount of calcium carbonate which 
has not yet been leached away, and this is responsible for the high value for total 
calcium. 

Some increase in total magnesium will be observed accompanying the high 
ealcium of the carbonate-containing soils. These are not great, however, because 
of the inability of magnesium to exist long in the soil as carbonate. The carbonate 
of carbonate-containing soils is chiefly calcium carbonate. 


Local Tests for Soil Acidity Often Required 


It is impracticable to attempt to obtain an average quantitative measure of the 
calcium carbonate present or of the lime requirement in many soil types because 
while some samples may contain large amounts of carbonate others may contain 
none and, on the other hand, may actually have a lime requirement owing to the 
soil acidity. We thus have what may be considered positive and negative values 
ranging, perhaps widely, on the opposite sides of the zero or neutral point, the 
numerical average of which could have no significance whatever since it would 
not necessarily even approach the condition actually existing in a given farm 
or field. It is for this reason that the tables contain no figures purporting to 
represent either the lime requirement or the limestone present in the different 
soil types. 

The qualitative tests made in the field in the process of the soil survey are 
much more numerous than the chemical analyses made in the laboratory and do 
give a general idea of the predominating condition in the various types as to 
acidity or alkalinity. These tests, therefore, furnish the basis for some general 
recommendations, which are given in the descriptions of individual types on 
pages 16 to 26. To have a sound basis for the application of limestone, the owner 
or operator of a farm must frequently determine individually the lime require- 
ments of his different fields. The section in the Appendix dealing with the 
application of limestone (page 35) is pertinent and should be read in this 
connection. 


Supplies of Different Elements Not Proportional to Crop Removal 


In the foregoing discussion consideration has been given mainly to the 
amounts of the plant-food elements in the surface 624 inches of soil, and rather 
briefly the relative amounts in the two lower strata have been discussed. It has 


been noted that some of the elements of plant food exhibit no consistent change — 


in amount with increasing depth. Other elements show more or less marked — 


variation at the different levels, the trend of these variations serving in some cases 
as clues to the relative maturity of different soil types and the processes involved 
in their development. 

By adding together the figures for all three strata, we have an approximate 
invoice of the total plant-food elements within the reach of most of our common 


: 
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field crops since their feeding range is included mainly in the upper 40 inches 
of soil. One of the most striking facts brought out of this consideration of the 
data is the great variation within a given soil type in the relative abundance of 
the various elements present as compared to the amounts removed by crops. For 
example, in the most extensive type in the county, Brown Silt Loam, Upland, we 
find that the total quantity of nitrogen in all three strata is 16,000 pounds. This 
is about the amount of nitrogen contained in the same number of bushels of corn. 
The amount of phosphorus is only about a third as much, or 5,780 pounds, but 
this amount is equivalent to the phosphorus in more than twice as much corn, 
namely, 34,000 bushels. The total stock of potassium, amounting in this type 
to 198,180 pounds an acre, would furnish this element for more than a million 
bushels of corn. 


Service of Chemical Analysis in Soil Improvement 


The foregoing discussion should not be taken to mean that it is possible to 

predict how long any certain soil could be cropped under a given system before 
it would become exhausted. Nor do the figures alone necessarily indicate the 
immediate procedure to be followed in the improvement of a soil. It must be 
kept in mind that the amount of plant-food substances shown to be present is 
not the sole measure of the ability of a soil to produce crops. The rate at which 
some of these elements are liberated from insoluble forms and converted to forms 
that can be used by growing plants is a matter of at least equal importance, as 
explained on page 33, and is not necessarily proportional to the total stocks 
present. One must know, therefore, how to cope with the peculiarities of a given 
soil type if he is to secure the full benefit from its stores of plant-food elements. 
In addition there are always economic factors that must be taken into considera- 
tion, since it is necessary for one to decide at how high a level of productive 
_ capacity he ean best afford to maintain his soil. 
r The chemical soil analysis made in connection with the soil survey is seen 
to be of value chiefly in two ways. In the first place it reveals at once outstand- 
ing deficiencies or other chemical characteristics which alone would affect its 
productivity to a marked extent or point the way to corrective measures. It 
should be borne in mind, however, that fairly wide departures from the usual 
are necessary before the chemical analysis alone can be followed as a guide in 
practice without supplementary information from other sources. It is quite 
probable that the results of the soil analysis are frequently misused by attempting 
to interpret small differences in the amount of a certain plant-food element as 
indicative of similar differences in the fertilizer need. 

The second function of soil analysis is as an aid in the ‘scientific study of 
soils from many angles, the ultimate aim of which is, of course, the more eco- 
nomical utilization of the soil for efficient crop production. Not only do chemical 
studies aid in determining the processes involved in soil development under 
natural conditions, but also in determining the effects of different soil manage- 
ment and fertilizing practices upon the soil itself and in furthering our knowledge 
of the interrelations between the soil and growing crops, a knowledge which is 
fundamental to improvement in the efficiency of crop production. 
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DESCRIPTION OF SOIL TYPES 


UPLAND PRAIRIE SOILS 


The upland prairie soils of Henry county occupy 407.58 square miles, or 
almost exactly 50 percent of the area of the county. These soils were originally 
well supplied with organic matter derived very largely from the fibrous roots 
of the prairie grasses that grew on this land for centuries. A covering of fine 
soil and a mat of vegetative material, by partially excluding the oxygen, pro- 
tected these roots from rapid and complete decay. From time to time the mat 
of old grass stems and leaves was partially destroyed by prairie fires and decay, 
but it was constantly being renewed, and while it added but little organic matter 
to the soil directly, it served to retard the decay of the roots of the grasses. 


Brown Silt Loam (226, 526, 726) 


Brown Silt Loam, Upland, as mapped in Henry county, covers an area of 
373.6 square miles, or nearly 46 percent of the county. The type as originally 
mapped is now recognized to consist of three types each having a characteristic 
topography. These three types which, taken together, constitute Brown Silt 
Loam as shown on the soil map, may be described as follows: 


Light Brown{Silt Loam. This type occupies the tops of low hills and ridges 
and the more pronounced slopes. Its development has been associated with the 
relatively rapid removal of the surface soil by erosion and with good surface 
drainage and underdrainage. These conditions have resulted, in this region, in 
the formation of a soil which is very friable thruout its entire profile. The A, 
horizon, or surface soil, is about 8 inches in thickness and is a light brown silt 
loam. The A, horizon, or subsurface, extends to 15 or 20 inches in depth and 
has a yellowish brown color which gradually changes to a reddish brown in the 
B horizon, or upper subsoil. Slight gray mottling appears at a depth of 30 to 35 
inches where the less-weathered parent material is found. Effervescence with, 
acid probably never occurs in the 40-inch section of this soil and is not usually 
found within 60 inches of the surface. 

Management.—Light Brown Silt Loam is not strongly acid but requires an 
application of limestone to grow red clover satisfactorily, and it will not grow 
alfalfa or sweet clover without the addition of limestone. The conditions of its 
formation have not been favorable for the accumulation of organie matter and it 
is lower in this essential soil constituent than is usual for the prairie soils in this 
region. The best information available on the treatment of this type comes from 
the Mt. Morris experiment field, which is located in part on Light Brown Silt 
Loam. The results from this field show a very marked response to manure. 
Where limestone was applied in addition to manure, a further increase was 
secured which was sufficiently large to pay a good profit on the cost of the lime- 
stone. Another treatment which gave very good increases on this field was 
residues and limestone used in combination. Potash has not increased the yields. 
Rock phosphate when used in addition to manure and limestone has not increased 
yields, and when used in addition to residues and limestone the yields have been 
increased just about enough to pay for applying half a ton of the rock per acre 
once in the rotation. For further account of these experiments see page 46. 
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Brown Silt Loam. This type occupies intermediate topographic positions. 
It differs from the preceding type, Light Brown Silt Loam, in having a darker 
and usually thicker A, horizon or surface, and a heavier, less friable, and some- 
what mottled B horizon or upper subsoil. 


Management.—Brown Silt Loam is somewhat less acid than Light Brown 
Silt Loam but requires limestone to grow alfalfa or sweet clover. It was originally 
well supplied with organic matter and has been subject. to but little loss of soil 
material thru erosion. The Kewanee experiment field is located, for the most 
part, on this soil type. Unfortunately this field has several draws crossing the 
plots which are a much heavier soil, so that the results from the field cannot be 
applied to Brown Silt Loam with as much confidence as would otherwise be the 
ease. It is almost certainly true, however, that the presence of the heavier type 
on the Kewanee field has the effect of diminishing the increases due to treatment. 
The records from this field show good results for manure with corn and oats and 
fair results with wheat. Limestone has given moderate increases both in the 
manure and in the residues system. Rock phosphate has increased the yield of 
wheat on the manure plots by 4.9 bushels but has had little or no effect on the 
other crops in the rotation. On the residues plots rock phosphate has caused 
very satisfactory increases in the yields of corn, oats, and wheat, and has in- 
creased the yield of clover hay by a fifth of aton. The comparison of rock and acid 
phosphate on the Kewanee field has been in progress too short a time to allow final 
conclusions. A detailed description and history of the Kewanee experiments will 
be found beginning on page 48. The only concrete suggestion for the phosphate 
fertilization of this soil type which can be made at the present time is to make 
a trial of one of the phosphates, applying it for the wheat crop. 


Brown Silt Loam on Clay. This type occupies the nearly level or only 
gently sloping areas in the upland prairie region. It is characterized by a dark 
brown A, horizon, or surface, about 10 inches thick; a brown A, horizon, or 
subsurface, containing pale yellow spots; and a B horizon, or upper subsoil, 
which is usually a strongly mottled, brownish yellow, somewhat compact and 
plastic clay loam. At a depth of 32 to 40 inches the more friable C horizon, or 
lower subsoil, is found. 


Management.—This type is either not acid or only slightly so. The subsoil, 
while more compact and plastic than that of either of the preceding types dis- 
cussed, drains well with tile. The Aledo experiment field is located on Brown 
Silt Loam On Clay, and the results from this field may be used as a guide in the 
treatment of this soil type in Henry county. Manure has given very good returns. 
Limestone has failed to give very convincing increases and its indiscriminate 
use could hardly be advised unless alfalfa or sweet clover is to be grown. Rock 
phosphate has not caused increases in yield on the manure plots but its use on 
the residues plots has resulted in sufficiently large increases to justify advising 
its application when manure is not available. Phosphate eomparisons have been 
in progress on the Aledo field since 1916, and the reader is asked to turn to 
page 55 of this Report and make a study of the results as an aid in solving his 
phosphate problem on Brown Silt Loam On Clay. 
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Black Clay Loam (520, 720) 


This upland phase of Black Clay Loam is a minor type in Henry county, 
occupying a total area of less than a square mile. It occurs as small, low-lying 
areas in the dark-colored upland portion of the county. It has a deep A, horizon, 
or surface soil, consisting of black clay loam or silty clay loam. The A, horizon, 
or subsurface, is a drabbish black clay loam and oceurs at a depth of 12 to 18 
inches. The B horizon, or upper subsoil, is found at a depth of about 24 inches 
and consists of a gray clay loam heavily colored with reddish brown spots and 
coneretions. The more friable C horizon, or lower subsoil, occurs at a depth of 
about 36 inches. It is a strongly mottled, reddish brown, silty clay loam. The 
color of this horizon changes to gray at a depth of 38 or 40 inches. 


Management.—Black Clay Loam, Upland, as it oceurs in Henry county is 
likely to be alkaline tho not all of the areas have this characteristic. None of 
the areas, so far as is known, need limestone. The only treatment advised is the 
use of potash where alkali is present in harmful amounts and the plowing down 
of fresh organic matter as an aid in keeping the soil in good physical condition. 


Brown Fine Sandy Silt Loam (841) 


Brown Fine Sandy Silt Loam occupies a total area in this county of about 
30 square miles. The character of this type varies somewhat depending on 
topography. In the hilly portion of the type the surface is a very light brown 
fine sandy loam underlain by yellow fine sandy loam with no visibly distinguish- 
able subsurface or subsoil development. Carbonates occur at a depth of 20 to 30 
inches on many of the hills. On the low divides and low hills the soil is different 
in that the surface is darker and the subsurface and subsoil are sufficiently well 
formed to be distinguishable, tho there is no compactness in the subsoil and 
mottling is absent. Carbonates are rarely found in the 40-inch section in this 
phase of the type. A third phase of the type occurs on the gentle slopes, the 
soil differing here from that on the low hills and low divides chiefly in having 
a lightly mottled and slightly compact subsoil. Still another phase of this same 
type occurs in the low level areas; it is characterized by a darker surface and a 
well-mottled and fairly compact medium-plastie subsoil. 

Management.—Brown Fine Sandy Silt Loam is a productive soil, very easy 
to work. Particular attention should be given to maintaining a supply of fresh. 
organic matter. A light application of limestone is needed for alfalfa or sweet 
clover. There are no experiment field data upon which to draw for definite state- 
ments regarding its fertilization. The use of manure will prove profitable and 
the trial of the various phosphates is suggested. 


Brown Sandy Loam (560, 760) 


Brown Sandy Loam, Upland, is a minor type in Henry county, its total 
area being only about 114 square miles. It is found in association with Dune 
Sand and occurs in depressions or low-lying areas between ridges or low hills 
formed by the drifting of the sand. This type varies in character, in some places 
having such a coarse subsoil as to be drouthy and of little value. In general the 
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A, horizon, or surface, is a brown sandy loam; the A, horizon, or subsurface, a 
yellowish brown sandy loam; and the B horizon, or upper subsoil, a slightly 
clayey sandy loam. 

Management.—Brown Sandy Loam, Upland, should be cropped and managed 
in such a way as to provide for regular and frequent additions of either legumi- 
nous organic matter or manure. The type is not strongly acid but most of it 
requires some limestone to grow good sweet clover. 


Brown-Gray Silt Loam On Tight Clay (528, 728) 


The upland phase of Brown-Gray Silt Loam On Tight Clay is another one 
of the minor types in Henry county, aggregating a total of only one square mile. 
It oceurs chiefly between Cambridge and Bishop Hill. The A, horizon, or sur- 
face soil, is about 8 inches thick and is a grayish brown silt loam. The A, horizon, 
or subsurface, is a gray or brownish gray silt loam, about 10 inches in thickness. 
The B horizon, or upper subsoil, is heavy and plastic and is not readily permeable 
to air, water, or plant roots. 

Management.—The chief problem in the management of this type is to secure 
drainage. Underdrainage is not successful and furrows and open ditches must 
therefore be depended on for the removal of excess water. 


Dune Sand (781) 


Dune Sand, Upland, occupies all told only about a square mile. It differs 
in no essential, other than that of position, from Dune Sand, Terrace, and the 
reader is therefore referred to the discussion of the latter type (page 24). 


UPLAND TIMBER SOILS 

The upland timber soils are found fairly well distributed thruout the county, 
adjacent to the streams. Usually they are characterized by a yellow or yellowish 
gray color, owing to their low organic-matter content. This lack of organic 
matter has been caused by the long-continued growth of forest trees. As the 
forests invaded the prairies, the following effects were produced: the shading of 
the trees prevented the growth of grasses, the roots of which are mainly re- 
sponsible for the large amount of organic matter in the prairie soils; and the trees 
themselves added very little organic matter to the soil, for the leaves and branches 
either decayed or were destroyed by forest fires. The timber soils cove. about 
104 square miles, or about 13 percent of the area of the county. 


Yellow-Gray Silt Loam (234, 534, 734) 


Yellow-Gray Silt Loam occupies a total area of 22 square miles in Henry 
county. The topography of the type varies from flat to rolling, and associated 
with this variation is also a variation in the character of the soil. The rolling, 
well-drained areas have a brownish gray A, horizon, or surface, a yellowish brown 
A, horizon, or subsurface, and a friable, slightly compact, reddish yellow B 
horizon, or upper subsoil. The C horizon, or lower subsoil, is a mottled, pale 
yellow, friable, fine sandy loam. The soil on the intermediate slopes differs from 
the above in having a distinctly gray subsurface, a mottled, medium-compact 
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upper subsoil, and brownish-red iron stains and coneretions thruout the upper 
and lower subsoil. 

The flat areas have a gray silt loam A, horizon, or surface, a light gray A, 
horizon, or subsurface, and a very compact, strongly mottled, plastic, pale yellow 
clay loam B horizon, or upper subsoil. 


Management.—The differences within this type, as noted above, should be 
taken into account in planning a management program. The rolling land is sub- 
ject to harmful erosion, while the intermediate slopes and flat areas do not wash. 
The friable subsoil found in the rolling land favors good underdrainage, while 
the underdrainage of the flat areas is poor. As a rule the rolling land is less acid 
than the flat land. The entire type is low in organic matter and nitrogen. These 
. deficiencies should be corrected by growing clover, preferably sweet clover, fol- 
lowing the application of limestone. No experiment field data is available for this 
soil type as it occurs in Henry county; consequently no definite recommendations 
ean be made for its fertilization. It is suggested, however, that the reader turn 
to the discussion of ‘‘Principles of Soil Fertility,’’ page 30, and make use 
of the information found in that discussion in forming his plans for fertilizer 
treatment. 


Yellow Silt Loam (235, 535, 735) 

Yellow Silt Loam covers a total of nearly 60 square miles in Henry county. 
It occurs for the most part as the inner timber soil belt adjacent to the bottom 
land along streams. Much of this type as-it occurs in Henry county is too steep 
for cultivation and is used for pasture and timber. It is not uncommon, however, 
to see slopes under cultivation which are so steep as to be subject to serious 
erosion. No attempt is made to describe the soil itself because it varies so greatly. 
The separation of Yellow Silt Loam as a type is really based upon topographic 
rather than upon soil characteristics. 

Some suggestions regarding the possibility of controlling erosion on this 
kind of land are given in an account of the Vienna experiment field, page 60. 


Yellow-Gray Fine Sandy Silt Loam (844) 

A total of nearly 11 square miles of Yellow-Gray Fine Sandy Silt Loam 
oceurs in Henry county. The character of its profile bears the same relation to 
topography as was described for Yellow-Gray Silt Loam, page 19. The A, 
horizon, or surface, is a grayish yellow fine sandy loam. The A, horizon, or 
subsurface, is a reddish yellow or grayish yellow fine sandy loam depending on 
topography. The B horizon, or upper subsoil, is usually a reddish brown, 
medium-compact, non-plastic, fine sandy silt loam. This soil has been formed 
under timber vegetation from the wind-blown material which was blown upon 
the upland from the terrace. 


Management.—For suggestions regarding the management of this type the 
reader is referred to the management paragraph for Yellow-Gray Silt Loam. 


Yellow Fine Sandy Silt Loam (845) 


There is an aggregate of nearly 12 square miles of Yellow Fine Sandy Silt 
Loam in Henry county. This type has no uniformly developed profile, its 
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topography being such that erosion is more or less active, depending largely on 
its vegetative cover. Most of the type should be used for pasture or timber. 
Many of the slopes are well adapted to growing alfalfa and frequently no lime 
is needed for alfalfa because erosion has exposed the underlying calcareous 
material. The possibility of orcharding might well be considered by owners of 
this land. 


TERRACE SOILS 

Large areas of terrace soils occur in Henry county as a result of the changes 
which have occurred in the river systems. The terraces were formed by over- 
loaded and flooded streams which deposited an immense amount of material in 
the old channels. Later as the streams diminished in size or cut their channels 
deeper, new bottoms were developed, leaving the old flood plains above the over- 
flow and thus forming terraces. These terrace formations which were built up, 
for the most part, during and immediately following the Glacial period, were 
later covered to varying depths with wind-blown material from which the present 
soils were formed. 


Brown Silt Loam (1526) 

Nearly 83 square miles of Brown Silt Loam, Terrace, is shown on the soil 
map of Henry county. The areas of this type which occupy the higher portions 
in the undulating terrace plain are similar to Brown Silt Loam, which occupies 
the intermediate topographic positions on the upland (see page 17). The areas 
occupying the lower-lying positions differ from the higher areas in that they 
have a slightly grayer A, horizon, or subsurface, and a very gray B horizon, or 
subsoil. These lower-lying areas are sometimes alkaline. 

Management.—Brown Silt Loam, Terrace, is a productive soil with the ex- 
ception of small areas which are so situated as to be alkaline or to have an un- 
favorable subsoil. Limestone is needed, except on the low areas, for alfalfa and 
sweet clover and for the best growth of red clover. Potash can be successfully 
used to correct the harmful effects of alkali, and the underdrainage of these low 
spots should be improved. This type was originally well supplied with organic 
matter but much of it is now beginning to show a deficiency in this important 
soil constituent. If any of the phosphates are used they should be applied at 
first in an experimental way, as the information available is not sufficient to 
warrant recommending their use on a large scale. 


Black Clay Loam (1520) 

Black Clay Loam, Terrace, is a rich, highly productive soil. Portions of the 
type need better drainage and alkali is present in places. There is a total of 
over 15 square miles of the type in the county. 

The A, horizon, or surface, is a black clay loam or silty clay loam which 
varies from 9 to 12 inches in thickness. The A, horizon, or subsurface, extends 
to a depth of 19 to 22 inches, is a drab clay loam, and in places contains reddish 
brown iron spots. The B horizon, or upper portion of. the subsoil, is medium- 
plastic drab clay or clay loam, sometimes containing reddish brown spots and 
concretions, while the lower portion, usually beginning at a depth of about 36 
inches, is gray heavily colored with reddish brown, 
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Management.—Black Clay Loam, Terrace, rarely needs lime, and for the 
ordinary field crops it is ‘questionable whether it will respond profitably to 
fertilization. Particular care should be used to provide for plowing down fresh 
organic matter at frequent intervals; otherwise this soil will rapidly become 
difficult to work. The work on the Hartsburg experiment field located on Black 
Clay Loam on Drab Clay is of interest in this connection. An account of the 
results on that field will be found on page 59. 


Black Clay (1517) 


Black Clay occurs in one large area of 12.78 square miles north of Atkinson. 
Portions of this area are better described as clay loam rather than clay. The 
water table is high and there is considerable alkali present. During seasons of 
high rainfall the erops suffer from excess water. The A,, or surface, horizon is 
principally black clay, passing into the drabbish black clay A,, or subsurface, 
horizon at a depth of about 8 inches. At a depth of about 15 inches the color 
becomes drab, and at about 20 inches a marly gray clay is frequently encountered. 


Management.—Black Clay is a rich soil but must be worked with care be- 
cause of its heavy nature. Organic materials should be plowed down to help 
keep it in good physical condition. No fertilizer treatment is advised other than 
the application of potash where necessary to counteract the alkali. 


Black Silt Loam (1525) 


Black Silt Loam is a soil formed under swampy conditions. Frequently 
it is strongly alkaline and the subsoil in many places is marly. It oceupies a 
total of about 17.5 square miles in Henry county. 

The surface soil varies from a black silt loam to a black silty clay loam. It 
frequently contains sufficient carbonates to effervesce strongly with acid. The 
subsurface is a drabbish-black clay loam or silty clay loam, and the subsoil is 
usually either a strongly mottled, rusty yellow, sandy clay loam or a more or 
less pure marl. 


Management.—Improved drainage is the chief requirement of this type. 
Limestone should not be added, as carbonates are already present in excess. The 
bad effects of the alkali may be counteracted by the use of potash for corn. The 
application of coarse manure is also advised as an additional means of counter- 
acting the effects of the alkali. 


Black Sandy Loam (1561) 


Black Sandy Loam is similar in formation to the preceding type, Black Silt 
Loam. It is much less extensive, occupying a total of about 6 square miles. It is 
sometimes alkaline. The surface, or A, horizon, varies from a brown to black 
sandy loam. The subsurface, or A, horizon, usually extending to a depth of 
about 21 inches, is a drabbish brown sandy silt loam. The subsoil, or B horizon, 
is a drab sandy clay loam, usually resting on gray sand at a depth of about 36 
inches. ; 

Management.—Fresh organic matter should be regularly plowed down in 
this soil. In places the underlying sand stratum is near enough to the surface 
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to make the soil drouthy. Limestone is ordinarily not needed on this type, tho 
it is much more likely to be needed than on Black Silt Loam because of the leachy 
subsoil. 

Brown Fine Sandy Loam (1571) 

Brown Fine Sandy Loam, Terrace, is a minor type in Henry county, aggre- 
gating little more than one square mile. It occurs in the northeast corner of the 
county. The surface, or A, horizon, is a light brown fine sandy loam resting at 
a depth of 7 or 8 inches on the subsurface, or A, horizon, which is a slightly 
reddish brown fine sandy loam. The subsoil, or B horizon, which is found at a 
depth of about 18 inches, is a reddish yellow, friable, fine sandy silt loam. 
Usually a reddish yellow sand occurs at a depth of about 36 inches. 

Management.—This type is low in organic matter and nitrogen and is 
medium acid. Following the application of 2 to 3 tons of limestone an acre, it 
will grow good alfalfa or sweet clover. Corn or the small grains will do well fol- 
lowing the turning down of clover. 


Brown Sandy Loam (1560) 

Brown Sandy Loam, Terrace, is pretty well distributed thruout the northern 
part of Henry county and covers a total area of nearly 30 square miles. This 
type has been subject to more or less movement by wind action and consequently 
much of it has not developed very definite subsurface and subsoil strata. The 
surface, or A, horizon, to a depth of 8 or 10 inches is usually a light brown sandy 
loam. It usually rests on a yellowish brown sandy loam which becomes more 
yellow and more sandy with depth. In some places there is enough accumula- 
tion of fine particles in the subsoil, or B horizon, to give it some cohesion. 

Management.—Brown Sandy Loam, Terrace, is medium acid, low in organic 
matter and nitrogen, and where there is no accumulation of fine particles in the 
subsoil, it is likely to be drouthy. This soil grows good sweet clover following 
the application of limestone. If the sweet clover is plowed down, good corn or 
small grain can be grown. A clover crop should be grown every third or fourth 
year and utilized, at least in part, for soil improvement. 


Brown-Gray Silt Loam On Tight Clay (1528) 

Brown-Gray Silt Loam On Tight Clay, Terrace, occupies about 7 square 
miles in Henry county. The surface, or A, horizon, is a grayish brown silt loam, 
in places containing so much sand as to be sandy loam. The subsurface, or A, 
horizon, usually extending to a depth of about 17 inches, is a gray or grayish 
drab silt loam to sandy loam. The subsoil, or B horizon, varies considerably in 
color and in sand content but is impervious and plastic. In some places this 
impervious layer or horizon extends to over 40 inches in depth, and in other 
places it rests on gray sand at a depth of about 36 inches. 

-Management.—Both the surface drainage and the underdrainage of this type 
are poor. The soil is medium to strongly acid. Much of the land is used for 
pasture. Its value as pasture can be greatly increased by applications of lime- 
stone and the seeding of sweet clover, and probably pasture is the best use to 
which it can be put. 
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Brown-Gray Sandy Loam On Tight Clay (1568) 

Less than one square mile of Brown-Gray Sandy Loam On Tight Clay, Ter- 
race, aS mapped, occurs in Henry county. The reader is referred to the dis- 
cussion of the preceding type, 1528, as that discussion applies to this type also. 
The sandy loam, however, is a poorer soil than the silt loam. 


Dune Sand (1581) 
Dune Sand, Terrace, occupies nearly 18.5 square miles in Henry county. 
It has been subject to much movement by the wind and has developed few of the 
characteristics of a true soil. The surface is a light brown sand and rests at a 
depth of 6 or 7 inches on yellow sand. No further signs of the usual character- 
istic subsurface or subsoil development appear. 


Management.—Dune Sand is somewhat acid and the correction of this con- 
dition by the use of limestone is the first step towards the profitable utilization of 
this type. The Oquawka experiment field is located on Dune Sand and very 
striking results have been secured there with limestone and manure, and lime- 
stone and sweet clover. The reader is referred to page 63, where the crop yields 
on this field are given. The information given by these figures is the best avail- 
able for Dune Sand, either Terrace or Upland, as it occurs in Henry county. 


SWAMP AND BOTTOM-LAND SOILS 
The following group of soil types includes the bottom lands along the streams 
and certain poorly drained lowlands. The total area of this group, consisting of 
nine soil types, is a little over 110 square miles. 


Deep Brown Silt Loam (1426) 

Deep Brown Silt Loam occurs in the bottom lands in the southern half of 
the county. It is most extensively developed along Edwards river. The soil 
is a deep, rich silt loam. It has no distinet subsoil development, because of its 
youth. 

Management.—Much of this land is subject to overflow and is farmed in 
such a way as to avoid many of the harmful effects of flood water. No fertilizer 
treatment is advised on any of this type which is subject to overflow. The areas 
not subject to overflow should be treated in the same way as Brown Silt Loam, 
Upland, which it resembles (see page 17). 


Black Clay Loam (1420) 

Black Clay Loam, Bottom, is a minor type in Henry county occupying a 
total area of about 114 square miles. This type is very similar to Black Clay 
Loam, Upland, and for a description of it and for suggestions regarding its 
management the reader is referred to the discussion of that type, page 18. 


Mixed Loam (1454) 
Mixed Loam occurs along the streams where conditions are such that dif- 
ferent kinds of soil material have been washed in and deposited, resulting in 
what is called Mixed Loam. The soil is young and no distinct horizons have yet 
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been formed. Most of this type is farmed and it produces good crops, tho the 
farming plan has to take into account the overflow to which this land is subject. 
The large area of this type in the northwest corner of the county has some 
alkali spots, the effects of which can be overcome with potash. The areas which 
are not subject to overflow show slight to medium acidity, indicating the need 
of a moderate application of lime in a well-planned program of soil improvement, 
(see Brown Silt Loam, page 17). 


Black Mixed Loam (1450) 


Black Mixed Loam differs from Mixed Loam, 1454, in that it contains much 
more organic matter, has more heavy spots seattered thru it, is usually more 
poorly drained, and has more alkali spots. It is a productive soil and needs no 
treatment other than the use of potash where alkali is present, the improvement 
of the drainage where possible, and the provision for the addition of fresh 
organic matter at intervals of four or five years. 


Black Mixed Sandy Loam (1463.8) 


Black Mixed Sandy Loam is not essentially different from the preceding 
type, Black Mixed Loam (1450), except that, aside from the generally higher 
percentage of sand in the soil, many sandy spots are present, too small to be 
shown on the map. This type should be handled in the same general way as 
Black Mixed Loam but with more attention to the addition of organic matter. 


Brown Mixed Sandy Loam (1463.7) 


Brown Mixed Sandy Loam is a minor type in Henry county, aggregating 
only about 114 square miles. It is low in organic matter and is medium acid. 
It is frequently underlain by nearly pure sand at a depth of about 36 inches. 
Because of its drouthy nature this land if farmed should be cropped to wheat, 
barley, or rye rather than to corn. Limestone should be used and legumes grown 
to furnish organic matter and nitrogen. 


Brown Sandy Loam (1460) 


Brown Sandy Loam, Bottom, is very similar to Brown Mixed Sandy Loam 
described above. It differs from it in being uniformly a sandy loam. The two 
types should be handled in the same way. 


Medium Peat On Clay (1402) 


Three small areas of Medium Peat On Clay, aggregating 122 acres, were 
identified at the time the soil map was made. They were located about three 
miles northeast of Annawan. The peat, which was less than 30 inches in thick- 
ness at that time, disappeared rapidly under cultivation, and it no longer exists 
as Medium Peat On Clay. These areas are now similar to the surrounding type, 
_ Black Silt Loam, and should be handled in the same way as that type. 
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Deep Peat (1401) 


A considerable acreage of Deep Peat, aggregating 7.47 square miles, occurs 
in Henry county. It consists of a deposit of black, well-decomposed organic 
matter, frequently 5 or 6 feet in thickness. Its location near sandy areas has 
resulted in the drifting of sand to the Peat, frequently in sufficient amount to 
change the type, since the map was made, from Peat to Black Sandy Loam. 


Fig. 5.—-ONION HARVEST ON DEEP PEAT 


Management.—The water table is high in most of the Deep Peat areas. 
Drainage is secured by means of dredge ditches. Some of this land is used for 
trucking and is good for this purpose. It often contains sufficient alkali to be 
harmful and requires the use of potash. Some experiments on Deep Peat on a 
field located at Manito are described on page 64. 


APPENDIX 
EXPLANATIONS FOR INTERPRETING THE SOIL SURVEY 


CLASSIFICATION OF SOILS 

In order to interpret the soil map intelligently, the reader must understand 
something of the method of soil classification upon which the survey is based. 
Without going far into details the following paragraphs are intended to furnish 
a brief explanation of the general plan of classification used. 

The soil type is the unit of classification. Each type has definite character- 
istics upon which its separation from other types is based. These characteristics 
are inherent in the strata, or ‘‘horizons,’’ which constitute the soil profile in all 
mature soils. Among them may be mentioned color, structure, texture, and 
chemical composition. Other items, such as native vegetation (whether timber 
or prairie), topography, and geological origin and formation, may assist in the 
differentiation of types, altho they are not fundamental to it. 

Since some of the terms used in designating the factors which are taken into 
account in establishing soil types are technical in nature, the following definitions , 
are introduced : 


Horizon. A layer or stratum of soil which differs discernibly from those adjacent in 
color, texture, structure, chemical composition, or a combination of these characteristics, is 
called an horizon. In describing a matured soil, three horizons designated as A, B, and C 
are usually considered. 

A designates the upper horizon and, as developed under the conditions of a’ humid, tem- 
perate climate, represents the layer of extraction or eluyiation; that is to say, material in 
solution or in suspension has passed out of this zone thru the processes of weathering. 

B represents the layer of concentration or illuviation; that is, the layer developed as a 
result of the accumulation of material thru the downward movement of water from the A 
horizon. 

C designates the layer lying below the B horizon and in which the material has been less 
affected by the weathering processes. 

Frequently differences within a stratum or zone are discernible, in which case it is sub- 
divided and described under such designations as 4,, and A,, B,, and B,, ete. 

Soil Profile. The soil section as a whole is spoken of as the soil profile. 

Depth and Thickness. The horizons or layers which make up the soil profile vary in 
depth and thickness. These variations are distinguishing features in the separation of soils 
into types. 

Physical Composition. The physical composition, sometimes referred to as ‘‘texture,’’ 
is a most important feature in characterizing a soil. The texture depends upon the relative 
proportions of the following physical constituents: clay, silt, fine sand, sand, gravel, stones, 
and organic material. 


Structure. The term ‘‘structure’’ has reference to the aggregation of particles within 
the soil mass and carries such qualifying terms as open, granular, compact, columnar, 
laminated. 

Organic-Matter Content. The organic matter of soil is derived largely from plant tissue 
and it exists in a more or less advanced stage of decomposition. Organic matter forms the 
predominating constituent in certain soils of swampy formation. 

Color. Color is determined to a large extent by the proportion of organic matter, but 
at the same time it is modified by the mineral constituents, especially by iron compounds. 

Reaction. The term ‘‘reaction’’ refers to the chemical state of the soil with respect 
to acid or alkaline condition. It also involves the idea of degree, as strongly acid or 
strongly alkaline. 4 

Carbonate Content. The carbonate content has reference to the calcium carbonate 
(limestone) present, which in some cases may be associated with magnesium or other car- 
bonates. The depth at which carbonates are found may become a very important factor 
in determining the soil type. 

Topography. Topography has reference to the lay of the land, as level, rolling, hilly, ete. 
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Native Vegetation. The vegetation or plant growth before being disturbed by man, as 
prairie grasses and forest trees, is a feature frequently recognized in differentiating soil 
types. 

Geological Origin. Geological origin involves the idea of character of rock materials 
composing the soil as well as the method of formation of the soil material. 


Not infrequently areas are encountered in which type characters are not 
distinctly developed or in which they show considerable variation. When these 
variations are considered to have sufficient significance, type separations are made 
whenever the areas involved are sufficiently large. Because of the almost infinite 
variability occurring in soils, one of the exacting tasks of the soil surveyor is to 
determine the degree of variation which is allowable for any given type. 


Classifying Soil Types.—In the system of classification used, the types fall 
first into four general groups based upon their geological relationships; namely, 
upland, terrace, swamp and bottom land, and residual. These groups may be 
subdivided into prairie soils and timber soils, altho as a matter of fact this sub- 
division is applied in the main only to the upland group. These terms are all 
explained in the foregoing part of this report in connection with the description 
of the particular soil types. 


Naming and Numbering Soil Types.—In the Illinois soil survey a system of 
nomenclature is used which is intended to make the type name convey some idea 
of the nature of the soil. Thus the name ‘‘Yellow-Gray Silt Loam’’ carries in 
itself a more or less definite description of the type. It should not be assumed, 
however, that this system of nomenclature makes it possible to devise type names 
which are adequately descriptive, because the profile of mature soils is usually 
made up of three or more horizons and it is impossible to deseribe each horizon 
in the type name. The color and texture of the surface soil are usually included 
in the type name and when material such as sand, gravel, or rock lies at a depth 
of less than 30 inches, the fact is indicated by the word ‘‘On,’’ and when its 
depth exceeds 30 inches, by the word ‘‘Over’’; for example, Brown Silt Loam On 
Gravel, and Brown Silt Loam Over Gravel. 

As a further step in systematizing the listing of the soils of Illinois, recog- 
nition is given to the location of the types with respect to the geological areas 
in which they occur. According to a geological survey made many years ago, 
the state has been divided into seventeen areas with respect to geological forma- 
tion and, for the purposes of the soil survey, each of these areas has been assigned 
an index number. The names of the areas together with their general location 
and their respective index numbers are given in the following list. 


000 Residual, soils formed in place thru disintegration of rocks, and also rock outerop 
100 Unglaciated, including three areas, the largest being in the south end of the state 
200 Illinoisan moraines, including the moraines of the Illinoisan glaciations 
300 Lower Illinoisan glaciation, formerly considered as covering nearly the south third of the 
state 
400 Middle Illinoisan glaciation, covering about a dozen counties in the west-central part of 
the state 
500 Upper Illinoisan glaciation, covering about fourteen counties northwest of the middle 
Illinoisan glaciation : 
600 Pre-Iowan glaciation, but now believed to be part of the upper Llinoisan 
700 Iowan glaciation, lying in the central northern end of the state 
800 Deep loess areas, including a zone a few miles wide along the Wabash, Illinois, and 
Mississippi rivers 
900 arly Wisconsin moraines, including the moraines of the early Wisconsin glaciation 
1000 Late Wisconsin moraines, including the moraines of the late Wisconsin glaciation 
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1100 arly Wisconsin glaciation, covering the greater part of the northeast quarter of the 
state 

1200 Late Wisconsin glaciation, lying in the northeast corner of the state 

1300 Old rwer-bottom and swamp lands, formed by material derived from the Illinoisan or 
older glaciations 

1400 Late rwer-bottom and swamp lands, formed by material derived from the Wisconsin 
and Iowan glaciations 

1500 Zerraces, bench or second bottom lands, and gravel outwash plains 

1600 Lacustrime deposits, formed by Lake Chicago, the enlarged glacial Lake Michigan. 


Further information regarding these geological areas is given in connection 
with the general map mentioned above and published in Bulletin 123 (1908). 

Another set of index numbers is assigned to the classes of soils as based 
upon physical composition. The following list contains the names of these classes 
with their corresponding index numbers. 


Index Number Limits Class Names 
RYU OMES Meet aNsvalole!slisicete¥ele © eveaha/s:cle\a’ s/elaTaahe\e. sie 6 Peats 

SCR TAS ap Scat nial aL ol tei s ahavepey n'a) 43 )aver ele’ e/niscale: mts 4! a/° Peaty loams 
MSMR MIL Leeyodar vate cy in ie) Sti ia Sr <lata e.chaisyecsis \elee 0), 66 Mucks 

ORDOM EO ar cic/sisleleiola,s oie.e'e 00 sie efo\s e/o:aieie'eieie/ siete Clays 

BAUOM LE Vielete.cishe sis «axes 6'0 Ae AC OOS Clay loams. 

PeMMERNIEE SD er teiiars ore lee c<tacsele aXs)-ee| oifa.'s, 355 (eis 0.6) s/ncavo s Silt loams 

BOER CEO evelisiecsie s: 6's siet shelves) shevevale; seis iecalere.eveja:s Loams 

TL Go Neb Aigauocc UOC COROOH OOOO Guc Sandy loams 
ol) STD SKIR Quine Sod Cb cdu do onbninac DODOCs Sands 

1) Wo Rebs anblateombcotoc ode o oAbabeoocad Gravelly loams 

“2 ia LU A esiebogcuebe odceoouomooneds Gravels 

SS) 25 0 ho. AOC ORNs GI TOA COO rion Stony loams 
ee eielsy-Vetoiayate o's) neis/sipi s/s 0! ela'e)#,«ie'ere'alejeivjels'« Rock outcrop 


As a convenient means of designating types and their location with respect 
to the geological areas of the state, each type is given a number made up of a 
combination of the index numbers explained above. This number indicates the 
type and the geological area in which it occurs. The geological area is always 
indicated by the digits of the order of hundreds while the remainder of the 
number designates the type. To illustrate: the number 1126 means Brown Silt 
Loam in the early Wisconsin glaciation, 434 means Yellow-Gray Silt Loam of the 
middle Illinois glaciation. These numbers are especially useful in designating 
very small areas on the map and as a check in reading the colors.. 

A complete list of the soil types occurring in each county, along with their 
corresponding type numbers and the area covered by each type, will be found 
in the respective county soil reports in connection with the maps. 


SOIL SURVEY METHODS 

Mapping of Soi Types.—In conducting the soil survey, the county consti- 
tutes the unit of working area. The field work is done by parties of two to four 
men each. The field season extends from early in April to the last of November. 
During the winter months the men are engaged in preparing a copy of the soil map 
to be sent to the lithographer, a copy for use of the county farm adviser until 
the printed map is available, and a third copy for use in the office in order to 
preserve the original official map in good condition. 

An accurate base map for field use is necessary for soil mapping. These 
maps are prepared on a scale of one inch to the mile, the official data of the 
original or subsequent land survey being used as the basis in their construction. 
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Each surveyor is provided with one of these base 
maps, which he carries with him in the field; and 
the soil type boundaries, together with the streams, 
roads, railroads, canals, town sites, and rock and 
eravel quarries are placed in their proper location 
upon the map while the mapper is on the area. 
With the rapid development of road improvement 
during the past few years, it is almost inevitable 
that some recently established roads will not ap- 
pear on the published soil map. Similarly, 
changes in other artificial features will occasion- 
ally occur in the interim between the preparation 
of the map and its publication. The detail or 
minimum size of areas which are shown on the 
map varies somewhat, but in general a soil type 
if less than five acres in extent is not shown. 
Sampling for Analysis—After all the soil 
types of a county have been located and mapped, 
samples representative of the different types are 
collected for chemical analysis. The samples for 
this purpose are usually taken in three depths; 
namely, 0 to 624 inches, 624 to 20 inehes, and 20 
to 40 inches, as explained in connection with the 
discussion of the analytical data on page 7. 


PRINCIPLES OF SOIL FERTILITY 


Probably no agricultural fact is more gener- 

ally known by farmers and landowners than that 

Fig. ge ee ae THE SOIL goils differ in productive power. A fact of equal 

importance, not so generally recognized, is that 

they also differ in other characteristics such as response to fertilizer treatment 
and to management. 

The soil is a dynamic, ever-changing, exceedingly complex substance made 
up of organic and inorganic materials and teeming with life in the form of 
microorganisms. Because of these characteristics, the soil cannot be considered 
as a reservoir into which a given quantity of an element or elements of plant 
food can be poured with the assurance that it will respond with a given increase 
in crop yield. In a similar manner it cannot be expected to respond with per- 
fect uniformity to a given set of management standards. To be productive a 
soil must be in such condition physically with respect to structure and moisture as 
to encourage root development; and in such condition chemically that injurious 
substances are not present in harmful amounts, that a sufficient supply of the 
elements of plant food become available or usable during the growing season, 
and that lime materials are present in sufficient abundance favorable for the 
growth of the higher plants and of the beneficial microorganisms. Good soil 
management under humid conditions involves the adoption of those tillage, crop- 
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ping, and fertilizer treatment methods which will result in profitable and per- 
manent crop production on the soil type concerned. 

The following paragraphs are intended to state in a brief way some of the 
principles of soil management and treatment which are fundamental to profitable 
and continued productivity. 


CROP REQUIREMENTS WITH RESPECT TO PLANT-FOOD MATERIALS 


Ten of the chemical elements are known to be essential for the growth of 
the higher plants. These are carbon, hydrogen, oxygen, nitrogen, phosphorus, 
sulfur, potassium, calcium, magnesium, and iron. Other elements are absorbed 


— 


None 


oe = ia 
Fig. 7—ALL ESSENTIAL PLANT-Foop ELEMENTS Must BE PRESENT 
The jars in which these corn plants are growing contain pure sand to 
which have been added various combinations of the essential plant-food 
elements. If a single one of these elements is omitted, the plants cannot 
develop; they die after the small supply stored in the seed becomes 
exhausted. 


from the soil by growing plants, including manganese, silicon, sodium, aluminum, 
chlorin, and boron. It is probable that these latter elements are present in 
plants for the most part, not because they are required, but because they are 
dissolved in the soil water and the plant has no means of preventing their 
entrance. There is some evidence, however, which indicates that certain of these 
elements, notably manganese, silicon, and boron, may be either essential but 
required in only minute quantities, or very beneficial to plant growth under 
eertain conditions, even tho not essential. Thus, for example, manganese has 
produced marked increases in crop yields on heavily limed soils. Sodium also 
has been found capable of partially replacing potassium in case of a shortage 
of the latter element. 

Table 5 shows the requirements of some of our most common field crops with 
respect to seven important plant-food elements furnished by the soil. The 
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TABLE,5.—PLANT-Foop ELEMENTS IN ComMON Farm Crops! 


Produce 
: Phos- Potas- | Magne- : 
aa Rare: Nitrogen phorus Sulfur pee stare Calcium} Iron 
lbs. lbs. lbs. lbs. lbs. lbs. lbs. 
Wheat, grain...... 1 bu. 1.42 .24 .10 . 26 -08 .02 .O1 
Wheat straw...... 1 ton 10.00 1.60 2.80 | 18.00 1.60 3.80 . 60 
Com, grain cso 1 bu. 1.00 slite .08 .19 .07 -O1 -O1 
Corn stover.......| 1 ton 16.00 2.00 2.42 17.33 3.33 7.00 1.60 
WOrntCODS sates 1 ton AZ OO Sareis < Sl e pierre 4.00 i]s... 5 See erro etree ekeysus 
Oats,:grain.......; 1 bu. . 66 11 .06 .16 .04 .02 .O1 
Oat straws........ 1 ton 12.40 2.00 4.14 20.80 2.80. 6.00 1.12 
Clover seed....... 1. bu. eas 45; Val aescie acag 6 75 .25 Pale wiciayie's 
Clover hay....... 1 ton 40.00 5.00 3.28 30.00 7.75 29.25 1.00 
Soybean seed..... 1 bu. 3.22 .39 20 1.26 eps) Le bere ee 
Soybean hay...... 1 ton 43.40 4.74 5.18 | 35.48 |. 13.84 1827 pGe ere 
Alfalfa hay....... lton | 52.08 4.76 5.96 | 16.64 8:00: | p22 e2Gilemtes tarax 


1These data are brought together from various sources. Some allowance must be made for 
the exactness of the figures because samples representing the same kind of crop or the same kind 
of material frequently exhibit considerable variation. 


figures show the weight in pounds of the various elements contained in a bushel 
or in a ton, as the case may be. From these data the amount of an element re- 
moved from an acre of land by a crop of a given yield can easily be computed. 


PLANT-FOOD SUPPLY 

Of the elements of plant food, three (carbon, oxygen, and hydrogen) are 
secured from air and water, and the others from the soil. Nitrogen, one of the 
elements obtained from the soil by all plants, may also be secured from the air 
by the class of plants known as legumes, in case the amount liberated from the 
soil is insufficient; but even these plants, which include only the clovers, peas, 
beans, and vetches among our common agricultural plants, are dependent upon 
the soil for the other six elements (phosphorus, potassium, magnesium, calcium, 
iron, and sulfur), and they also utilize the soil nitrogen so far as it becomes 
soluble and available during their period of growth. 

The vast difference with respect to the supply of these essential plant-food 
elements in different soils is well brought out in the data of the Illinois soil 
survey. For example, it has been found that the nitrogen in the surface 624 
inches, which represents the plowed stratum, varies in amount from 180 pounds 
per acre to more than 35,000 pounds. In like manner the phosphorus content 
varies from about 320 to 4,900 pounds, and the potassium ranges from 1,530 to 
about 58,000 pounds. Similar variations are found in all of the other essential 
plant-food elements of the soil. 

With these facts in mind it is easy to understand how a deficiency of one 
of these elements of plant food may become a limiting factor of crop production. 
When an element becomes so reduced in quantity as to become a limiting factor 
of production, then we must look for some outside source of supply.,, Table 6 
is presented for the purpose of furnishing information regarding the quantity 
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TABLE 6.—PLANT-Foop ELements In Manure, Roucu Freps, AND FERTILIZERS! 


Pounds of plant food per ton 


Material of material 
Nitrogen Phosphorus Potassium 
res MIRE ATAU). ofa» 5.0 oles occ Sewie ewe ects s 10 2 8 
MOT TMUONY CLP ciara k a «ois ests nice e'oveie div ote ewes 16 2 17 
(COAG ITRRES so ob Cab ORO OE 12 ey 21 
IV AELUNESL TER W ete ee ates) sta cia)sie o's G4 Ga cele dss wise s 10 2 18 
SOLOW CML EES cies res fica cose tle seven slg ees « 40 5 30 
CYP LEE: UCR. 5.535 0 Gil OIE EI Ieee ee ee 43 5 33 
HAMEED Ey ON, .. oS Sol ee Dae Oe eee 50 4 24 
Sweet clover (water-free basis)?................. 80 8 28 
IBS ted: eed) a DS eagle. fasts hs sla Aerts 
Pre RUIN RIE TPO MRO es Ge etree e's ale ba leone 6 « SLO RAR eae cee (ee ha ac aheese 
APARTMOTNIR INE AGE oi 5ik cu echo oS pe nyse ie de ele ales AO Sean apie ckire se ale Laat trees 
latiagy (slo, eared, Saat 80 ESOS ee Bc 
UC EEIAOTIOMMC A Ss 8 5 id ils. als isinales bh 6b ele 20 DHOypeiy, aipet okse the 
EDOM MERCRMONVOSIONALC 5 6 cc cicis sls esis cieesces cel). «eas PAS i ea ee pemrrete 
FAC MPP TC EEOC cco ns a caclewiac ose cte ech vee ve 1250 hea 
caCORE: er ee Pec a cell) ceidayertias - i stbad ee 850 
LEU NDRE TS TAUNTS 0 ang Gell SST SOIL eee ee a 850 
ere a eS A occ ios casas, Sip sdeheaisiwie > al) , ~ w sdterse vo oe -| bere ne 200 
Wioodeasmes (UMleCAChed). 6. cece cc cece eee] 6 wets 10 100 


1See footnote to Table 5. 
2Young second-year growth ready to plow under as green manure. 
3’Wood ashes also contain about 1,000 pounds of lime (calcium carbonate) per ton. 


of some of the more important plant-food elements contained in materials most 
commonly used as sources of supply. 


LIBERATION OF PLANT FOOD 

The chemical analysis of the soil gives the invoice of plant-food elements 
actually present in the soil strata sampled and analyzed, but the rate of libera- 
tion is governed by many factors, some of which may be controlled by the farmer, 
while others are largely beyond his control. Chief among the important con- 
trollable factors which influence the liberation of plant food are the choice of 
crops to be grown, the use of limestone, and the incorporation of organic matter. 
Tillage, especially plowing, also has a considerable effect in this connection. 


Feeding Power of Plants.—Different species of plants exhibit a very great 
diversity in their ability to obtain plant food directly from the insoluble minerals 
of the soil. As a class, the legumes—especially such biennial and perennial 
legumes as red clover, sweet clover, and alfalfa—are endowed with unusual 
power_to assimilate from mineral sources such elements as calcium and phos- 
phorus, converting them into available forms for the crops that follow. For this 
reason it is especially advantageous to employ such legumes in connection with 
the application of limestone and rock phosphate. Thru their growth and subse- 
quent decay large quantities of the mineral elements are liberated for the benefit 
of the cereal crops which follow in the rotation. Moreover, as an effect of the 
deep-rooting habit of these legumes, mineral plant-food elements are brought up 
and rendered available from the vast reservoirs of the lower subsoil. 
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Effect of Limestone —Limestone corrects the acidity of the soil and supplies 
calcium, thus encouraging the development not only of the nitrogen-gathering 
bacteria which live in the nodules on the roots of clover, cowpeas, and other 
legumes, but also the nitrifying bacteria, which have power to transform the 
unavailable organic nitrogen into available nitrate nitrogen. At the same time, 
the products of this decomposition have power to dissolve the minerals contained 
in the soil, such as potassium and magnesium compounds, 


Organic Matter and Biological Action—Organie matter may be supplied 
thru animal manures, consisting of the excreta of animals and usually accom- 
panied by more or less stable litter; and by plant manures, including green- 
manure crops and cover crops plowed under, and also crop residues such as stalks, 
straw, and chaff. The rate of decay of organic matter depends largely upon its 
age, condition, and’ origin, and it may be hastened by tillage. The chemical 
analysis shows correctly the total organic carbon, which constitutes, as a rule, 
but little more than half the organie matter; so that 20,000 pounds of organic 
carbon in the plowed soil of an acre corresponds to nearly 20 tons of organic 
matter. But this organic matter consists largely of the old organic residues that 
have accumulated during the past centuries because they were resistant to decay, 
and 2 tons of clover or cowpeas plowed under may have greater power to liberate 
plant-food materials than 20 tons of old, inactive organic matter. The history of 
the individual farm or field must be depended upon for information concerning 
recent additions of active organic matter, whether in applications of farm manure, 
in legume erops, or in sods of old pastures. 

The condition of the organic matter of the soil is indicated to some extent 
by the ratio of carbon to nitrogen. Fresh organic matter recently incorporated 
with the soil contains a very much higher proportion of carbon to nitrogen than 
do the old resistant organic residues of the soil. The proportion of carbon to 
nitrogen is higher in the surface soil than in the corresponding subsoil, and in 
general this ratio is wider in highly productive soils well charged with active 
organic matter than in very old, worn soils badly in need of active organic matter. 

The organic matter furnishes food for bacteria, and as it decays certain 
decomposition products are formed, including much carbonie acid, some nitrous 
acid, and various organic acids, and these acting upon the soil have the power to 
dissolve the essential mineral plant foods, thus furnishing available phosphates, 
nitrates, and other salts of potassium, magnesium, calcium, ete., for the use of 
the growing crop. 

Effect of Tillage.—Tillage, or cultivation, also hastens the liberation of plant- 
food elements by permitting the air to enter the soil. It should be remembered, 
however, that tillage is wholly destructive, in that it adds nothing whatever to 
the soil, but always leaves it poorer, so far as plant-food materials are concerned. 
Tillage should be practiced so far as is necessary to prepare a suitable seed bed 
for root development and also for the purpose of killing weeds, but more than 
this is unnecessary and unprofitable; and it is much better actually to enrich 
the soil by proper applications of limestone, organic matter, and other fertilizing 
materials, and thus promote soil conditions favorable for vigorous plant, growth, 


than to depend upon excessive cultivation to accomplish the same object at the 
expense of the soil, ae 
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PERMANENT SOIL IMPROVEMENT 
According to the kind of soil involved, any comprehensive plan contemplat- 
ing a permanent system of agriculture will need to take into account some of the 
following considerations. 


The Application of Limestone 

The Function of Limestone.—In considermg the application of limestone 
to land it should be understood that this material functions in several different 
ways, and that a beneficial result may therefore be attributable to quite diverse 
causes. Limestone provides calcium, of which certain crops are strong feeders. 
It corrects acidity of the soil, thus making for some crops a much more favorable 
environment as well as establishing conditions absolutely required for some of 
the beneficial legume bacteria. It accelerates nitrification and nitrogen fixation. 
It promotes sanitation of the soil by inhibiting the growth of certain fungous 
diseases, such as corn-root rot. Experience indicates that it modifies either 
directly or indirectly the physical structure of fine-textured soils, frequently to 
their great improvement. Thus, working in one or more of these different ways, 
limestone often becomes the key to the improvement of worn lands. 


How to Ascertain the Need for Limestone.—One of the most reliable indica- 
tions as to whether a soil needs limestone is the character of the growth of certain 
legumes, particularly sweet clover and alfalfa. These crops do not thrive in 
acid soils. Their successful growth, therefore, indicates the lack of sufficient 
acidity in the soil to be harmful. In ease of their failure to grow the soil should 
be tested for acidity as described below. A very valuable test for ascertaining 
the need of a soil for limestone is found in the potassium thiocyanate test for soil 
acidity. It is desirable to make the test for carbonates along with the acidity 
test. Limestone is calcium carbonate, while dolomite is the combined carbonates 
of calcium and magnesium. The natural occurrence of these carbonates in the 
soil is sufficient assurance that no limestone is needed, and the acidity test will 
be negative. On lands which have been treated with limestone, however, the 
surface soil may give a positive test for carbonates, owing to the presence of 
undecomposed pieces of limestone, and at the same time a positive test for acidity 
may be secured. Such a result means either that insufficient limestone has been 
added to neutralize the acidity, or that it has not been in the soil long enough 
to entirely correct the acidity. In making these tests, it is desirable to examine 
samples of soil from different depths, since carbonates may be present, even in 
abundance, below a surface stratum that is acid. Following are the directions 
for making the tests: 

The Potassium Thiocyanate Test for Acidity. This test is made with a 4-percent solu- 
tion of, potassium thiocyanate in alecohol—4 grams of potassium thiocyanate in 100 cubic 
centimeters of 95-percent alcoholt When a small quantity of soil shaken up in a test tube 
with this solution gives a red color the soil is acid and limestone should be applied. If the 


solution remains colorless the soil is not acid. An excess of water interferes with the reac- 
tion. The sample when tested, therefore, should be at least as dry as when the soil is in 


1Since undenatured alcohol is difficult to obtain, some of the denatured alcohols have 
been tested for making this solution. Completely denatured alcohol made over U. S. 
Formulas No. 1 and No. 4, have been found satisfactory. Some commercial firms are also 
offering other preparations which are satisfactory. 
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good tillable condition. For a prompt reaction the temperature of the soil and solution 
should be not lower than that of comfortable working conditions (60° to 75° Fahrenheit). 


The Hydrochloric Acid Test for Carbonates. Take a small representative sample of 
soil and pour upon it a few drops of hydrochloric (muriatic) acid, prepared by diluting the 
concentrated acid with an equal volume of water. The presence of limestone or some other 
carbonates will be shown by the appearance of gas bubbles within 2 or 3 minutes, producing 
foaming or effervescence. The absence of carbonates in a soil is not in itself evidence that 
the soil is acid or that limestone should be applied, but it indicates that the confirmatory 
potassium thiocyanate test should be carried out. 


Amounts to Apply.—Acid soils should be treated with limestone whenever 
such application is at all practicable. The initial application varies with the 
degree of acidity and will usually range from 2 to 6 tons an acre. The larger 
amounts will be needed on strongly acid soils, particularly on land being pre- 
pared for alfalfa. When sufficient limestone has been used to establish condi- 
tions favorable to the growth of legumes, no further applications are necessary 
until the acidity again develops to such an extent as to interfere with the best 
growth of these crops. This will ordinarily be at intervals of several years. In 
the ease of an inadequate supply of magnesium in the soil, the occasional use of 
magnesian (dolomitic) limestone would serve to correct this deficiency. Other- 
wise, so far as present knowledge indicates, either form of limestone—high- 
calcium or magnesian—will be equally effective, depending upon the purity and 
fineness of the respective stones. 

Fineness of Material_—The fineness to which limestone is ground is an im- 
portant consideration in its use for soil improvement. Experiments indicate that 
a considerable range in this regard is permissible. Very fine grinding insures 
ready solubility, and thus promptness in action; but the finer the grinding the 
greater is the expense involved. A grinding, therefore, that furnishes not too 
large a proportion of coarser particles along with the finer, similar to that of the 
by-product material on the market, is to be recommended. Altho the exact pro- 
portions of coarse and fine material cannot be prescribed, it may be said that a 
limestone crushed so that the coarsest fragments will pass thru a screen of 4 to 10 
meshes to the inch is satisfactory if the total product is used. 


The Nitrogen Problem 

Nitrogen presents the greatest practical soil problem in American agricul- 
ture. Four important reasons for this are: its increasing deficiency in most 
soils; its cost when purchased on the open market; its removal in large amounts 
by crops; and its loss from soils thru leaching. Nitrogen usually costs from four 
to five times as much per pound as phosphorus. A 100-bushel crop of corn re- 
quires 150 pounds of nitrogen for its growth, but only 23 pounds of phosphorus. 
The loss of nitrogen from soils may vary from a few pounds to over one hundred 
pounds per acre, depending upon the treatment of the soil, the distribution of 
rainfall, and the protection afforded by growing crops. 

An inexhaustible supply of nitrogen is present in the air. Above each acre 
of the earth’s surface there are about sixty-nine million pounds of atmospheric © 
nitrogen. The nitrogen above one square mile weighs twenty million tons, an 
amount sufficient to supply the entire world for four or five decades. This large 
supply of nitrogen in the air is the one to which the world must eventually turn. 
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Fig. 8.—LEGUMES CAN OBTAIN THEIR NITROGEN FROM THE AIR 


The photograph tells the story of how clover benefits the soil. In the pot 
at the left all the essential plant-food elements, including nitrogen, are supplied. 
In the middle jar all the elements, with the single exception of nitrogen, are 
present. At the right nitrogen is likewise withheld but the proper bacteria are 
supplied which enable the clover to secure nitrogen from the air. 


There are two methods of collecting the inert nitrogen gas of the air and 
combining it into compounds that will furnish products for plant growth. These 
are the chemical and the biological fixation of the atmospheric nitrogen. Farmers 
have at their command one of these methods. By growing inoculated legumes, 
nitrogen may be obtained from the air, and by plowing under more than the roots 
of these legumes, nitrogen may be added to the soil. 

Inasmuch as legumes are worth growing for purposes other than the fixation 
of atmospheric nitrogen, a considerable portion of the nitrogen thus gained may 
be considered a by-product. Because of that fact, it is questionable whether the 
chemical fixation of nitrogen will ever be able to replace the simple method of 
obtaining atmospheric nitrogen by growing inoculated legumes in the production 
of our great grain and forage crops. 

It may well be kept in mind that the following amounts of nitrogen are re- 
quired for the produce named: 

1 bushel of oats (grain and straw) requires 1 pound of nitrogen. 

1 bushel of corn (grain and stalks) requires 114% pounds of nitrogen. 
bushel of wheat (grain and straw) requires 2 pounds of nitrogen. 
ton of timothy contains 24 pounds of nitrogen. 
ton of clover contains 40 pounds of nitrogen. 
ton of cowpea hay contains 43 pounds of nitrogen. 
ton of alfalfa contains 50 pounds of nitrogen. 
ton of average manure contains 10 pounds of nitrogen. 


ton of young sweet clover, at about the stage of growth when it is plowed under as 
green manure, contains, on water-free basis, 80 pounds of nitrogen. 


BREE EER 


The roots of clover contain about half as much nitrogen as the tops, and the 
roots of cowpeas contain about one-tenth as much as the tops. Soils of mod- 
erate productive power will furnish as much nitrogen to clover (and two or three 
times as much to cowpeas) as will be left in the roots and stubble. In grain 
crops, such as wheat, corn, and oats, about two-thirds of the nitrogen is contained 
in the grain and one-third in the straw or stalks. 


_ The Phosphorus Problem 
The element phosphorus is an indispensable constituent of every living cell. 
It is intimately connected with the life processes of both plants and animals, the 
nuclear material of the cells being especially rich in this element. 
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The phosphorus content of the soil is dependent upon the origin of the soil. 
The removal of phosphorus by continuous cropping slowly reduces the amount 
of this element in the soil available for crop use, unless its addition is provided 
for by natural means, such as overflow, or by agricultural practices, such as the 
addition of phosphatie fertilizers and rotations in which deep-rooting, leguminous 
crops are frequently grown. 

It should be borne in mind in connection with the application of phosphate, 
or of any other fertilizing material, to the soil, that no benefit can result until 
the need for it has become a limiting factor in plant growth. For example, if 
there is already present in the soil sufficient available phosphorous to produce a 
forty-bushel crop, and the nitrogen supply or the moisture supply is sufficient 
for only forty bushels, or less, then extra phosphorus added to the soil cannot 
increase the yield beyond this forty-bushel limit. 

There are several different materials containing phosphorus which are 
applied to land as fertilizer. The more important of these are bone meal, acid 
phosphate, natural raw rock phosphate, and basic slag. Obviously that carrier 
of phosphorus which gives the most economical returns, as considered from all 
standpoints, is the most suitable one to use. Altho this matter has been the 
subject of much discussion and investigation the question still remains unsettled. 
Probably there is no single carrier of phosphorus that will prove to be the most 
economical one to use under all circumstances because so much depends upon 
soil conditions, crops grown, length of haul, and market conditions. 

Bone meal, prepared from the bones of animals, appears on the market in 
two different forms, raw and steamed. Raw bone meal contains, besides the 
phosphorus, a considerable percentage of nitrogen which adds a useless expense 
if the material is purchased only for the sake of the phosphorus, As a source of 
phosphorous, steamed bone meal is preferable to raw bone meal. Steamed bone 
meal is prepared by extracting most of the nitrogeneous and fatty matter from 
the bones, thus producing a more nearly pure form of calcium phosphate con- 
taining about 10 to 12 percent of the element phosphorus. 

Acid phosphate is produced by treating rock phosphate with sulfuric acid. 
The two are mixed in about equal amounts; the product therefore contains about 
one-half as much phosphorus as the rock phosphate itself. Besides phosphorus, 
acid phosphate also contains sulfur, which is likewise an element of plant food. 
The phosphorus in acid phosphate is more readily available for absorption by 
plants than that of raw rock phosphate. Acid phosphate of good quality should 
contain 6 percent or more of the element phosphorus. 

Rock phosphate, sometimes called floats, is a mineral substance found in 
vast deposits in certain regions. The phosphorus in this mineral exists chemically 
as tri-calecium phosphate, and a good grade of the rock should contain 1214 
percent, or more, of the element phosphorus. The rock should be ground to a 
powder, fine enough to pass thru a 100-mesh sieve, or even finer. 

The relative cheapness of raw rock phosphate, as compared with the treated 
or acidulated material, makes it possible to apply for equal money expenditure 
considerably more phosphorus per acre in this form than in the form of acid 
phosphate, the ratio being, under the market conditions of the past several years, 
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about 4 to 1. That is to say, under these market conditions, a dollar will pur- 
chase about four times as much of the element phosphorus in the form of rock 
phosphate as in the form of acid phosphate, which is an important consideration 
if one is interested in building up a phosphorus reserve in the soil. As explained 
above, more very carefully conducted comparisons on various soil types under 
various cropping systems are needed before definite statements can be given. as 
to which form of phosphate is most economical to use under any given set of 
conditions. 


Basic slag, known also as Thomas phosphate, is another earrier of . phos- 
phorus that might be mentioned because of its considerable usage in Europe 
and eastern United States. Basic slag phosphate is a by-product in the manu- 
facture of steel. It contains a considerable proportion of basic material and 
therefore it tends to influence the soil reaction. 

Rock phosphate may be applied at any time during a rotation, but it is 
applied to the best advantage either preceding a crop of clover, which plant 
seems to possess an unusual power for assimilating the phosphorus from raw 
phosphate, or else at a time when it can be plowed under with some form of 
organic matter such as animal manure or green manure, the decay of which 
serves to liberate the phosphorous from its insoluble condition in the rock. It is 
important that the finely ground rock phosphate be intimately mixed with the 
organic material as it is plowed under. 

In using acid phosphate or bone meal in a cropping system. which includes 
wheat, it is a common practice to apply the material in the preparation of the 
wheat ground. It may be advantageous, however, to divide the total amount 
to be used and apply a portion to the other crops of the rotation, particularly 
to corn and to clover. 


The Potassium Problem 

Our most common soils, which are silt loams and clay loams, are well stocked 
with potassium, altho it exists largely in a slowly soluble form. Such soils as 
sands and peats, however, are likely to be low in this element. On such soils this 
deficiency may be remedied by the application of some potassium salt, such as 
potassium, sulfate, potassium chlorid, kainit, or other potassium compound, and in 
many instances this is done at great profit. 

From all the facts at hand it seems, so far as our great areas of common 
soils are concerned, that, with a few exceptions, the potassium problem is not 
one of addition but of liberation. The Rothamsted records, which represent the 
oldest soil experiment fields in the world, show that for many years other soluble 
salts have had practically the same power as potassium salts to increase crop 
yields in the absence of sufficient decaying organic matter. Whether this action 
relates to supplying or liberating potassium for its own sake, or to the power 
of the soluble salt to increase the availability of phosphorous or other elements, 
is not known, but where much potassium is removed, as in the entire crops at 
Rothamsted, with no return of organic residues, probably the soluble salt func- 
tions in both ways. 

Further evidence on this matter is furnished by the Illinois experiment field 
at Fairfield, where potassium sulfate has been compared with kainit both with 
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and without the addition of organic matter in the form of stable manure. Both 
sulfate and kainit produced a substantial increase in the yield of corn, but the 
cheaper salt—kainit—was just as effective as the potassium sulfate, and returned 
some financial profit. Manure alone gave an increase similar to that produced 
by the potassium salts, but the salts added to the manure gave very little increase 
over that produced by the manure alone. This is explained in part, perhaps, by 
the fact that the potassium removed’in the crops is mostly returned in manure 
properly cared for, and perhaps in larger part by the fact that decaying organic 
matter helps to liberate and hold in solution other plant-food elements, especially 
phosphorus. 

In laboratory experiments at the Illinois Experiment Station, it has been 
shown that potassium salts and most other soluble salts increase the solubility of 
the phosphorus in soil and in rock phosphate; also that the addition of glucose 
with rock phosphate in pot-culture experiments increases the availability of the 
phosphorous, as measured by plant growth, altho the glucose consists only of 
earbon, hydrogen, and oxygen, and thus contains no limiting element of plant 
food. 

In considering the conservation of potassium on the farm it should be re- 
membered that in average livestock farming the animals destroy two-thirds of 
the organic matter and retain one-fourth of the nitrogen and phophorus from 
the food they consume, but that they retain less than one-tenth of the potassium ; 
so that the actual loss of potassium in the products sold from the farm, either 
in grain farming or in livestock farming, is negligible on land containing 25,000 
pounds or more of potassium in the surface 62% inches. 


The Calcium and Magnesium Problem 

When measured by crop removals of the plant-food elements, calcium is 
often more limited in Illinois soils than is potassium, while magnesium may be 
occasionally. In the case of calcium, however, the deficiency is likely to develop 
more rapidly and become much more marked because this element is leached 
out of the soil in drainage water to a far greater extent than is either magnesium 
or potassium. 

The annual loss of limestone from the soil depends, of course, upon a number 
of factors aside from those which have to do with climatic conditions. Among 
these factors may be mentioned the character-of the soil, the kind of limestone, 
its condition of fineness, the amount present, and the sort of farming practiced. 
Because of this variation in the loss of lime materials from the soil, it is impossible 
to prescribe a fixed practice in their renewal that will apply universally. The 
tests for acidity and carbonates described above, together with the behavior of 
such lime-loving legumes as alfalfa and sweet clover, will serve as general 
indicators for the frequency of applying limestone and the amount to use on a 
given field. ' nie 

Limestone has a direct value on some soils for the plant food which it 
supplies, in addition to its value in correcting soil acidity and in improving the 
physical condition of the soil. Ordinary limestone (abundant in the southern 
and western parts of Illinois) contains nearly 800 pounds of calcium per ton; 
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while a good grade of dolomitic limestone (the more common limestone of north- 
ern Illinois) contains about 400 pounds of calcium and 300 pounds magnesium 
per ton. Both of these elements are furnished in readily available form in 
ground dolomitic limestone. 


The Sulfur Question 

In considering the relation of sulfur in a permanent system of soil fertility 
it is important to understand something of the cycle of transformations that this 
element undergoes in nature. Briefly stated this is as follows: 

Sulfur exists in the soil in both organie and inorganic forms, the former 
being gradually converted to the latter form thru bacterial action. In this 
inorganic form sulfur is taken up by plants which in their physiological processes 
change it once more into an organic form as a constituent of protein. When 
these plant proteins are consumed by animals, the sulfur becomes a part of the 
animal protein. When these plant and animal proteins are decomposed, either 
thru bacterial action, or thru combustion, as in the burning of coal, the sulfur 
passes into the atmosphere or into the soil solution in the form of sulfur dioxid 
gas. This gas unites with oxygen and water to form sulfuric acid, which is 
readily washed back into the soil by the rain, thus completing the cycle, from 
soil—to plants and animals—to air—to soil. 

In this way sulfur becomes largely a self-renewing element of the soil, altho 
there is a considerable loss from the soil by leaching. Observations taken at the 
Illinois Agricultural Experiment Station show that 40 pounds of sulfur per acre 
are brought into the soil thru the annual rainfall. With a fair stock of sulfur, 
such as exists in our common types of soil, and with an annua! return, which of 
itself would more than suffice for the needs of maximum crops, the maintenance 
of an adequate sulfur supply presents little reason at present for serious concern. 
There are regions, however, where the natural stock of sulfur in the soil is not 
nearly so high and where the amount returned thru rainfall is‘small. Under such 
circumstances sulfur soon becomes a limiting element of crop production, and it 
will be necessary sooner or later to introduce this substance from some outside 
source. Investigation is now under way to determine to what extent this situation 
may apply under Illinois conditions. 


Physical Improvement of Soils 


In the management of most soil types, one very important matter, aside from 
proper fertilization, tillage, and drainage, is to keep the soil in good physical 
condition, or good tilth. The constituent most important for this purpose is 
organic matter. Organic matter in producing good tilth helps to control washing 
of soil on rolling land, raises the temperature of drained soil, increases the 
moisture-holding capacity of the soil, slightly retards capillary rise and conse- 
quently loss of moisture by surface evaporation, and helps to overcome the 
tendency of some soils to run together badly. 

The physical effect of organic matter is to produce a granulation or mellow- 
ness, by cementing the fine soil particles into crumbs or grains about as large as 
grains of sand, which produces a condition very favorable for tillage, percolation 
of rainfall, and the development of plant roots. 
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Organic matter is undergoing destruction during a large part of the year 
and the nitrates produced in its decomposition are used for plant growth. Altho 
this decomposition is necessary, it nevertheless reduces the amount of organic 
matter, and provision must therefore be made for maintaining the supply. The 
practical way to do this is to turn under the farm manure, straw, cornstalks, 
weeds, and all or part of the legumes produced on the farm. The amount of 
legumes needed depends upon the character of the soil. There are farms, espe- 
cially grain farms, in nearly every community where all legumes could be turned 
under for several years to good advantage. 


Manure should be spread upon the land as soon as possible after it is pro- 
duced for if it is allowed to lie in the barnyard several months as is so often the 
ease, from one-third to two-thirds of the organic matter will be lost. 


Straw and cornstalks should be turned under, and not burned. There is 
considerable evidence indicating that on some soils undecomposed straw applied 
in excessive amount may be detrimental. Probably the best practice is to apply 
the straw as a constituent of well-rotted stable manure. Perhaps no form of 
organic matter acts more beneficially in producing good tilth than eornstalks. It 
is true, they decay rather slowly, but it is also true that their durability in the 
soil is exactly what is needed in the production of good tilth. Furthermore, the 
nitrogen in a ton of cornstalks is one and one-half times that of a ton of manure, 
and. a ton of dry cornstalks incorporated in the soil will ultimately furnish as 
much humus as four tons of average farm manure. When burned, however, both 
the humus-making material and the nitrogen are lost to the soil. 


It is a common practice in the corn belt to pasture the cornstalks during 
the winter and often rather late in the spring after the frost is out of the ground. 
This trampling by stock sometimes puts the soil in bad condition for working. 
It becomes partially puddled and will be cloddy as a result. If tramped too late 
in the spring, the, natural agencies of freezing and thawing and wetting and 
drying, with the aid of ordinary tillage, fail to produce good tilth before the 
crop is planted. Whether the crop be corn or oats, it necessarily suffers and if 
the season is dry, much damage may be done. If the field is put in corn, a poor 
stand is likely to result, and if put in oats, the soil is so compact as to be un- 
favorable for their growth. Sometimes the soil is worked when too wet. This 
also produces a partial puddling which is unfavorable to physical, chemical, and 
biological processes. The effect becomes worse if cropping has reduced the organic 
matter below the amount necessary to maintain good tilth. 


Systems of Crop Rotations 


In a program of permanent soil improvement one should adopt at the outset 
a good rotation of crops, including, for the reasons discussed above, a liberal 
use of legumes. No one can say in advance for every particular ease what will 
prove to be the best rotation of crops, because of variation in farms and farmers 
and in prices for produce. As a general principle the shorter rotations, with 
the frequent introduction cf leguminous crops, are the best adapted for building 
up poor soils. “ 
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Following are a few suggested rotations which may serve as models or out- 
lines to be modified according to special circumstances. 


Six-Year Rotations 


First year —Corn 

Second year —Corn 

Third year —Wheat or oats (with clover) 
Fourth year —Clover 

Fifth year —Wheat (with clover) 

Siath year —Clover, or clover and grass 


In grain farming, with small grain grown the third and fifth years, most 
of the unsalable products should be returned to the soil, and the clover may be 
clipped and left on the land or returned after threshing out the seed; or, in 
livestock farming, the field may be used three years for timothy and clover 
pasture and meadow if desired. The system may be reduced to a five-year rota- 
tion by cutting out either the second or the sixth year, and to a four-year system 
by omitting the fifth and sixth years, as indicated below. 

The two following rotations are suggested as especially adapted for com- 
bating the corn borer: 


First year —Corn First year —Corn 

Second year —Soybeans Second year —Soybeans 

Third year —Small grain (with legume) Third year —Small grain (with legume) 
Fourth year —Legume Fourth year —Legume 

Fifth year —Corn (for silage) Fifth year —Wheat (with alfalfa) 
Siath year —Wheat (with sweet clover) Sixth year —Alfalfa 


Five-Year Rotations 


First year —Corn First year —Corn 
Second year —Wheat or oats (with clover) Second year —Soybeans 
Third year —Clover Third year —Corn 
Fourth year —Wheat (with clover) Fourth year —Wheat, (with legume) 
Fifth year —Clover Fifth year —Legume 
First year —Corn 


Second year —Cowpeas or soybeans 
Third year Wheat (with clover) 
Fourth year —Clover 
Fifth year —Wheat (with clover) 
The last rotation mentioned above allows legumes to be grown four times. 
Alfalfa may be grown on a’sixth field rotating over all fields if moved every 
six years. 


Four-Year Rotations 


First year —Corn First year —Corn i 

Second year —Wheat or oats (with clover) Second year —Corn 

Third year —Clover Third year —Wheat or oats (with clover) 
Fourth year —Wheat (with clover) Fourth year —Clover 

First year —Corn First year + —Wheat (with clover) 

Second year —Cowpeas or soybeans Second year —Clover 

Third year —Wheat (with clover) Third year —Corn 

Fourth year —Clover Fourth year —Oats (with clover) 


Alfalfa may be grown on a fifth field for four or eight years, which is to be 
alternated with one of the four; or the alfalfa may be moved every five years, 
and thus rotated over all five fields every twenty-five years. 
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Three-Year Rotations 


First year —Corn First year —Wheat or oats (with clover) 
Second year —Oats or wheat (with clover) Second year —Corn 
Third year —Clover Third year —Cowpeas or soybeans 


By allowing the clover, in the last rotation mentioned, to grow in the spring 
before preparing the land for corn, we have provided a system in which legumes 
grow on every acre every year. This is likewise true of the following suggested 
two-year system: j 


Two-Year Rotations 
First year —Oats or wheat (with sweet clover) 
Second year —Corn 

Altho in this two-year rotation either oats or wheat is suggested, as a matter 
of fact, by dividiiig the land devoted to small grain, both of these crops can be 
grown simultaneously, thus providing a three-crop system in a two-year cycle. 

It should be understood that in all of the above suggested cropping systems 
it may be desirable in some cases to substitute barley or rye for the wheat or 
oats. Or, in some cases, it may become desirable to divide the acreage of small 
grain and grow in the same year more than one kind. In all of these proposed 
rotations the word clover is used in a general sense to designate either red clover, 
alsike clover, or sweet clover, or it may include alfalfa used as a biennial. The 
mixing of alfalfa with clover seed for a legume crop is a recommendable prac- 
tice. In connection with livestock production it may be desirable to mix grass 
with the clover for pasture or hay. The value of sweet clover, especially as a 
green manure for building up depleted soils, as well as a pasture and hay-crop, 
is becoming thoroly established, and its importance in a crop-rotation program 
may well be emphasized. 


SUPPLEMENT: EXPERIMENT FIELD DATA 


(Results from Experrment Fields on Soil Types Similar to Those Occurring in 
Henry County) 


The University of Illinois nas conducted altogether about fifty soil experi- 
ment fields in different sections of the state and on varions types of soil. Altho 
some of these fields have been discontinued, the majority are still in operation. 
It is the present purpose to report the results from certain of these fields located 
on types of soil described in the foregoing part of this soil report. 

A few general explanations at this point, which apply to all the fields, will 
relieve the necessity of numerous repetitions in the following pages. 


Size and Arrangement of Fields 


The soil experiment fields vary in size from less than two acres up to 40 acres 
or more. They are laid off into series of plots, the plots commonly being either 
one-fifth or one-tenth acre in area. Each series is occupied by one kind of crop. 
Usually there are several series so that a crop rotation can be carried on with 
every crop represented every year. 


Farming Systems 


On many of the fields the treatment provides for two distinct systems of 
farming, livestock farming and grain farming. 

In the lwestock system, stable manure is used to furnish organic matter 
and nitrogen. The amount applied to a plot is based upon the amount that can 
be produced from crops raised on that plot. 

In the grain system no animal manure is used. The organic matter and 
nitrogen are applied in the form of plant manures, including the plant residues 
produced, such as cornstalks, straw from wheat, oats, clover, ete., along with 
leguminous catch crops plowed under. It is the plan in this latter system to 
remove from the land, in the main, only the grain and seed produced, except in 
the ease of alfalfa, that crop being harvested for hay the same as in the livestock 
system. Some modifications have been introduced in recent years. 


Definite Crop Rotations Followed 


Crops which are of interest in the respective localities are grown in definite 
rotations. The most common rotation used is wheat, corn, oats, and clover; 
and often these crops are accompanied by alfalfa growing on a fifth series. In 
the grain system a legume catch crop, usually sweet clover, is included, which 
is seeded on the young wheat in the spring and plowed under in the fall or in 
the following spring in preparation for corn. If the red clover crop fails, soy- 
beans are substituted. 


Soil Treatment 
The treatment applied to the plots has, for the most part, been standard- 
ized aceording to a rather definite system, altho deviations from this system 
oceur now and then, particularly in the older fields. 
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Following is a brief explanation of this standard system of treatment. 

Animal Manures.—Animal manures, consisting of exereta from animals, 
with stable litter, are spread upon the respective plots in amounts proportionate 
to previous crop yields, the applications being made in preparation for corn. 


Plant Manures.—Crop residues produced on the land, such as stalks, straw, 
and chaff, are returned to the soil, and in addition a green-manure crop of sweet 
clover is seeded in small grains to be plowed under in preparation for corn. (On 
plots where limestone is lacking the sweet clover seldom survives.) This practice 
is designated as the residue system. 


Mineral Manures.—The’ yearly acre-rates of application have been: for 
limestone, 1,000 pounds; for raw rock phosphate, 500 pounds; and for potas- 
sium, usually 200 pounds of kainit. When kainit was not available, owing to 
conditions brought on by the World war, potassium carbonate was used. The 
initial application of limestone has usually been 4 tons per acre. 


Explanation of Symbols Used 
0 Untreated land or check plots 
M = Manure (animal) 
R_ = Residues (from crops, and includes legumes used as green manure) 
lL =Limestone 
P = Phosphorus, in the form of rock phosphate unless otherwise designated 
(aP—acid phosphate, bP—bonemeal, rP—rock phosphate, sP—slag 


phosphate) 
kK = Potassium (usually in the form of kainit) 
N = Nitrogen (usually in the form contained in dried blood) 


Le — Legume used as green manure 
Cv = Cover crop 


( ) = Parentheses enclosing figures, signifying tons of hay, as distinguished from 
bushels of seed 


== Heavy vertical rule, indicating the beginning of complete treatment 
|| == Double vertical rule, indicating a radical change in the cropping system 


In discussions of this sort of data, financial profits or losses based upon 
assigned market values are frequently considered. However, in view of the 
erratic fluctuations in market values—especially in the past few years—it seems 
futile to attempt to set any prices for this purpose that are at all satisfactory. 
The yields are therefore presented with the thought that with these figures at 
hand the financial returns from a given practice can readily be computed upon 
the basis of any set of market values that the reader may choose to apply. 


THE MT. MORRIS FIELD 


The Mt. Morris experiment field was established in 1910 at Mt. Morris in 
Ogle county. The soil represents fairly well the type Light Brown Silt Loam, 
altho the plots are not altogether uniform in this respect. The plots considered 
here comprize four series under a rotation of corn, oats, clover, and wheat, with 
soil treatments as indicated in the accompanying table. The application of straw 
to the residues plots has been discontinued in these later years. In 1922 the 
application of limestone, and in 1923 the application of rock phosphate, were 
indefinitely suspended in order to observe the residual effect of these materials. 
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TaBLe 7.—MT. MORRIS FIELD: Summary or Crop YIELDS 


Average Annual Yields 1913-1926—Bushels or (tons) per acre 
Serial Corn Oats Wheat | Clover! | Soybeans 
plot Soil treatment applied 
No 14 crops | 14 crops | 12 crops | 10 crops | 2 crops 
Meme MOMPEMP ME ol ce ais 6 Syed cle aces cscs 45.3 58.5 23.3 (1.96) (1.56) 
BX NOAM 6, a0 AOS OC eee eee 59.5 67.4 28.1 (2.53) (1.70) 
3 IMT), os clh-8 Soto eee 64.4 70.5 34.4 (2.97) (1.80) 
40 || A ULIP Ge ee 64.3 71.5 35.9 (2.92) (1.92) 
1) AO. o otc s.0 eRe OO 44.6 54.9 23.55 (1.61) 13RD 
6 Ike bse OGIO a aes eee 51.2 59.4 25.8 Che) 16.0 
YO To. cee 62.2 68.8 32.7 (2.24) 18.9 
8 Re os ea ee ae a 65.6 70.2 36.2 (2.23) 20.7 
9 IRIEL, 32 67.2 70.4 36.3 (2.24) 20.0 
10 (Do 3s YG Egg Bee eee eee 43.6 52.4 24.6 (1.79) (1.68) 
Crop Increases 
IMC Uc ee 14.2 8.9 4.8 Gabe) ( .14) 
SROMOMAC) Rare yee ais o.s 0G o's elald vbe 6 6.6 4.5 Dae (Ge t)) 2.5 
MOU, ONG OS i 4.9 3.1 6.3 ( .44) ( .10) 
A MINBONGET Mare 2 Fs).0 rs, o.d00.8 aisibiw eos 11.0 9.4 6.9 ( .47) 2 
EIU PROVEDIMT Ts. 0. occ cece ea | 1.0 15s 6 B05) (a2) 
TMIPRMOETE EMIS: onc «> si vlches anata 3.4 1.4 3.5 |—( .01) 1.8 
viewer UEP. . oc haw cesses 1.6 a “yl! (lO) eee 


1Some clover seed is evaluated as hay. 


A summary of the results of the work is given in Table 7, in the form of 
the average annual crop yields for the years since the complete soil treatments 
have been in effect. 


Fic. 9—Corn ON THE Mt. Morris FIELD 


The two pictures represent the extremes in corn production according to soil treatment. 
Where the untreated land has produced as a fourteen-year average 44.6 bushels an acre, the 
land under the residues, limestone, phosphate, potash treatment has yielded 67.2 bushels. The 
most profitable treatment on this field, however, has been that of residues and limestone, which 
has produced 62.2 bushels an acre. 
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In looking over these results, one may observe first the beneficial effect of 
farm manure (M). The annual crop increases due to the use of manure alone 
amount to over 14 bushels an acre for corn, nearly 9 bushels of oats, almost 5 
bushels of wheat, and about % ton of clover. Organic manure furnished by 
‘“residues’’ (R) has likewise proved beneficial to all crops, but not in the same 
degree as stable manure. 

Limestone (L) in addition to organic manures has been used with good 
effect, the improvement being especially marked in the residues system. 

Rock phosphate (P) has produced no significant effect applied with manure 
and limestone. In the corresponding residues system the inereases in yield 
obtained from rock phosphate are somewhat larger, but they have not been suffi- 
cient to cover the cost of the phosphate applied. 

Potassium (K), in the combination used in these experiments, has produced 
no results of significance. 


THE KEWANEE FIELD 


A University soils experiment field is located in Henry county about midway 
between Kewanee and Galva. This field has been in operation since 1915. It 
includes 20 acres of the dark-colored loessial soil characteristic of the region. The 
main soil type represented is Brown Silt Loam, altho a detailed examination 
reveals the presence of a second type occupying the basin of the draw which 
traverses the field in a winding direction. This minor type is classified as Black 
Clay Loam On Drab Clay. The distribution of these soil types, as well as the 
arrangement of plots, is charted in the accompanying diagram (Fig. 10). The 
topography of the land is also represented in the diagram by contour lines. As 


ZN 
EMME = 9 0a 
=a? 


ee = 


Black Clay Loam On Drab Clay Scale 
Loessial Clyde clay loam ef o Feet 
Brown Silt Loam 
Muscatine silt loam Contour interval -1 foot 


Fig. 10.—DIAGRAM OF THE KEWANEE SOIL EXPERIMENT FIELD 


This diagram shows the arrangement of plots, the soil treatments applied, the location of 
the two soil types and, by means of contour lines, the natural drainage of the field. 
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these lines indicate, the land is rather rolling and it has a tendency to wash at 
certain spots. A thoro system of tiling has been installed on the field and the 
drainage is fairly satisfactory. The field is laid out in two systems of plots, each 
system under a separate program of crop rotation. 


The 100, 200, 300, and 400 Series 


The four series of plots designated as series 100, 200, 300, and 400 are each 
made up of 10 fifth-acre plots under the different soil treatments indicated in the 
accompanying tables and diagram. A rotation system of wheat, corn, oats, and 
clover has been practiced, the crops being managed mainly as described on 
page 45. Since 1921 the clover on the residues plots has been harvested for hay 
instead of seed and the oat straw has not been returned to the land. Since 1922 
the periodic application of limestone has been suspended until it shall be needed 
again, and the practice of returning the wheat straw has been discontinued. 

Since the Kewanee field is located in Henry county, a complete record of 
the yields of all crops grown is included in this report. Table 8 contains the crop 
yields for Series 100, 200, 300, and 400, and Table 9 gives a summary of the results 
showing the average annual yields for the different kinds of crops, including the 
years since the complete soil treatments have been in effect. 

In looking over these results one may observe first the effect of animal man- 
ure (M), which has given profitable increases in all the crops. Residues alone (R), 
however, show no significant effect. 

Limestone (Li) in addition to manure has resulted in a little improvement, 
probably sufficient to cover the cost. It has been somewhat more effective in the 
grain system than in the livestock system. 

Phosphorus (P), as usual, shows up in these averages to best advantage on 
the wheat crop in the residues system. Where used with manure and limestone, 
little effect was produced except on the wheat; but where used with residues and 
limestone, fair increases were produced in all crops, sufficient to return a financial 
profit under present market conditions. A detailed study of the data reveals a 
fact of interest in this connection which the averages do not bring out, and that is 
that the phosphate exerted very little influence during the earlier years of the 
experiments. Within the past six or seven years, however, the phosphorus treat- 
ment has come suddenly into evidence and the trend of its effectiveness seems at 
present to be on the upgrade. 

No significant response appears as the result of potassium fertilization (K), 
thus indicating the futility of purchasing potassium fertilizer for use in this kind 
of a cropping system on this kind of soil. 


The 500, 600, 700, and 800 Series 


The short series (Nos. 500, 600, 700, and 800) have but 4 plots each and they 
constitute the so-called minor system of plots. They are now given over to a 
comparison of the effectiveness of rock phosphate and acid phosphate. 

Alfalfa was grown on these plots until 1922. In the beginning, limestone was 
applied to Plots 3 and 4 at the rate of 4 tons an acre, This application was re- 
peated in 1919. In 1922 the present experiments with phosphates were begun 
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others interested in soil improvement. 


Fig. 11.—A Lesson In Sor, MANAGEMENT ON THE KEWANEE FIELD 
Field meetings are held from time to time which are attended by farmers and 


The lessons from the plots themselves are 
supplemented by exhibits arranged to bring out important principles of soil fertility. 


and the same rotation practiced on the larger series was established on these 
series. In this phosphate comparison rock phosphate is used on Plots 1 and 3 at 
the annual rate of 400 pounds an acre, applied once in the rotation ahead of the 
wheat, but beginning with 1927 rock phosophate has been applied at the same time 


as the acid phosphate. 


Acid phosphate is used on Plots 2 and 4 at the annual 


rate of 200 pounds an acre. It is applied twice in the rotation, one-half for wheat 
and one-half for oats. 


TasLE 9.—KEWANEE FIELD: Summary or Crop YIELDS 
Average Annual Yields 1917-1927— Bushels or (tons) per acre 


Serial Wheat Corn 
plot Soil treatment applied 
No. 9 crops | 11 crops 
LPN OS Ane atone s Ce elie aa OC Oe 30.0 53.9 
ae We een AIO Ree RNS nice cd Scoot 33.6 65.0 
oA SM L.teet oer cette re orn re 35.8 68.7 
Ao MIVUTGIPS See, iste Sa ak One eh ee en eae a 40.7 70.0 
fala) (AUS eRe ee eho ce bomen otra cio. 31.8 54.5 
Gite | = RSSE Sea Rose a ee ee ee 30.8 56.7 
eo WER Lig iosteeere eee ote Ae Ren eR oe 35.0 64.9 
Shi VLR Soe oe ona. erin ieee cere ene een: 40.9 69.5 
O08 RL Ry carro tate sees sot eee en an oe oe 41.2 73.0 
OIL een se recs See ee ee iter oh Pe bos utes oot oe | 29.4 49.7 
Crop Increases 
MM OVver Oy arian ten eons 3.6 abet 
RiOveriO Se SN eee eee ene eemeere its) 2.2 
MT overiMiaseney ccm en eto ae Eee 2.2 Bye 
Rinvover Rages ence te ea eee 2.0 8.2 
MUP over-Mibiismraemerit oa ra aoe 4.9 1.3 
IRE Plover? Rita sain etre tere cee: 5.6 4.6 
RERKoverdRib Pye Acces cia es ee 483 3.0 


‘Some clover seed is evaluated as hay. 
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Oe NON® NOW 


11 crops 


oO WoO NN HO 


Clover! 


10 crops 
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Table 10 provides an outline of the crop history of these plots and a summary 
of the annual crop yields is given in Table 11. | 


Tasie 11.—KEWANEE FIELD: PuospHats ExprERIMENT 


Average Annual Crop Yields and Corresponding Money Values, 1922-1927 
_ Bushels or (tons) per acre 


Wheat Corn Oats Hay Value 


Soil treatment per acre! 
6 crops 6 crops 6 crops 6 crops 
Rock phosphates 2"). /aese hea et 44.7 yp ieee 15-6 (3.50) $45.41 
Ard phosphate ss cc.5i nt ¢ sense ee 47.1 70.9 78.4 (3.44) 46.06 
Limestone, rock phosphate......... 40.7 69.1 74.4 (8.52) 43.72 
Limestone, acid phosphate......... 47.8 70.3 76.7 (3.61) 46.60 


1With wheat at $1.20 a bushel, corn at 68 cents, oats at 40 cents, and hay at $14 a ton, which 
are the average December 1 quotations for the last six years. The cost of the two phosphorus — 
carriers are estimated at $12 a ton for the rock and $24 a ton for the acid, thus making the expense ~ 
for the two kinds equal. 


The difficulty in arriving at a final conclusion regarding the comparative 
economy in the use of these different phosphorous materials is obvious, for all 
depends upon their relative cost, which fluctuates from time to time. Further- 
more the prices received from farm produce likewise fluctuate; and to complicate 
matters still further, these fluctuations do not necessarily run parallel with those 
of the fertilizer cost. However, one may readily compute for himself the relative 
economy of producing these crop increases by applying any set of prices for crops 
and fertilizers which appear to be most applicable according to prevailing market 
conditions. For this purpose the following set of prices are assumed as represent- 
ing the average market conditions for the past 6 years (December 1 quo- 
tations) : wheat, $1.20 a bushel; corn, 68 cents; oats, 40 cents; and hay, $14 a 
ton. For the cost of the two phosphorus carriers, an estimate of $12 a ton for 
rock phosphate and $24 a ton for acid phosphate may be taken, thus making the 
expense for the two kinds of phosphate equal. 

When these prices are applied to the yields given in Table 11, the acid phos- 
phate plot with limestone shows the highest average annual gross return, $46.60. 
The limestone, however, appears to be responsible for only 54 cents of this amount, 
thus indicating that the purchase of limestone for this combination was unprofit- 
able. The returns from rock phosphate with limestone were $1.69 an acre less 
than those from rock phosphate alone. Thus, of the treatments ineluded in this 
test, the most profitable lies in one of the two forms of phosphates used alone, and 
the results thus far show a gross return of 65 cents per acre in favor of the acid 
phosphate. It is of interest to note that wheat has been the-crop most affected by 
the form of phosphate applied. It is to be borne in mind that the order of values 
can easily be shifted by a change in the relative yields of the respective crops or 
by a change in commodity prices. Furthermore no consideration has been given 
here to any possible difference in the residual effects of the two forms of phosphate 
which might appear upon discontinuing the treatments. 
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THE ALEDO FIELD 


An experiment field representing the soil type Brown Silt Loam On Clay 
is located in Mercer county just west of Aledo. This field has been in operation 
since 1910. From its physical aspects this field should be well adapted to experi- 
mental work, the land being unusually uniform in topography and in soil profile. 

There are two general systems of plots and they are designated as the major 
and the minor systems. The major system comprizes four series (numbered 
100, 200, 300, 400) made up of 10 plots each. The plots were handled substan- 
tially as described for standard treatment until 1918, when it was planned to 
harvest the first crop of red clover on the residues plots for hay and to plow down 
the second erop if no seed were formed. In 1921 the return of the oat straw was 
discontinued. In 1923 the rotation was changed to one of corn, corn, oats, and 
wheat. In this rotation it was planned to seed hubam clover in the oats on all 
plots, for use as hay or for soil improvement, and common sweet clover in the 
wheat on the residues plots for use as a green manure. Since this change, no 
residues except cornstalks and the green manure have been returned to the resi- 
dues plots. The limestone applications were temporarily abandoned in 1923. No 
more will be applied until a need for lime appears. The phosphate applications 
were evened up to a total of 4 tons an acre in 1924, and no more will be applied for 
some time at least. 

Table 12 gives a summary of the results, showing the average annual yields 
obtained for the period beginning when complete soil treatment came into sway. 
The lower section of the table, which gives comparisons in terms of crop increases, 
is intended to indicate the effect of the different fertilizing materials applied. 


TasBiE 12.—ALEDO FIELD: Grnerau Summary oF Crop YIELDS 
Average Annual Crop Yields 1912-1926—Bushels or (tons) per acre 


Serial Wheat Corn Oats Clover! | Soybeans 
plot Soil treatment 
No. 12 crops 19 crops 14 crops 6 crops 3 crops 
1 (3 Sin co IR CIO CRE 30.1 NC 57.9 (2,21) (1.60) 
2 IIPS ito eicrsisis's: +s, las ss 34.5 (Ala 64.5 (2.74) (1.63) 
3 INCAS. oi che eee ee 34.6 74.3 67.6 (8.12) (1.60) 
AICS es 36.6 75.6 68.2 (3.05) (1.61) 
5 Ves os 0 2 ena ES OI Nee eee 30.8 60.1 59.7 (2.00) 16.1 
6 Rin tod CRIS OS Oe eee 31.4 66.5 61.2 (1.91) 16.5 
if JRL pce create Seas See 33.5 (Ol) 66.5 (1.96) 18.8 
8 PIMP sistetclgtetsis Dis elevaais's 38.0 74.4 68.0 (2.08) 20.3 
PENRO ccs Toaia ais cies ose s 37.3 76.0 70.3 Gee) 20.9 
ORME Oh. ole nO eee ee 30.1 58.3 58.1 (2.38) (1.62) 
Crop Increases 
oa ae 4.4 13.9 6.6 (763) | (C268) 
PRON CT ON sie dia laiaitcie iets eistaue « 6 6.4 LES —( .09) 4 
IMMER! Mice icc. cas oises 6s 1 oe Gyou! (7.38) | =(€ 03) 
“ae 2.1 5.4 5.3 ( .05) 28 
MipProver MILE 2 ihc. oe 2.0 Nees Ag —( .07) ( .01) 
BVI ERON ERE aes aes, s cision ys 4.5 2-5 135 (12) The) 
IVMIREG over REP nk ae ss — .7 176 2°3 —( .35) -6 


1Some clover seed is evaluated as hay. 
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In looking over these results we may observe first the beneficial effect of 
animal manure (M) on all crops but especially on corn. This suggests the ad- 
visability of carefully conserving and regularly applying all stable manure. Re- 
sidues (R) alone have been beneficial for corn but have shown little effect on the 
other crops of the rotation. ; 

Where limestone (L) has been applied, there is usually a small increase in 
average yields, the increase becoming particularly marked in the corn crop in the 
residues system. 

The addition of rock phosphate (P) to the treatment has had very little effect 
in the manure system. Somewhat more favorable are the results, in the residues 
system, so that under average market conditions there has been some margin of 
profit from the use of rock phosphate applied in the manner of these experiments. 
However, the economic story has not all been told, for the application of lime and 
phosphate has been discontinued in order to observe the residual effects. The re- 
sults of the next few years therefore, will be awaited with great interest. 

For the effect of potassium treatment (K), we may compare Plots 8 and 9. 
No significant response appears from this treatment so far as these common field 
crops show. 

A number of problems have arisen out of the experience on this and other 
experiment fields which call for some revision of the investigations described 
above, and accordingly certain changes have been made in the conduct of 
these plots which are intended especially to throw more light upon the problems 
of liming and applying phosphorus. (See Soil Report No. 29, Mercer County 
Soils). 


Experiments on the Minor Series 


The so-called minor system of plots (Series 500, 600, 700, 800) on the Aledo 
field is given over to a comparison of the effectiveness of different carriers of 
phosphorus. 

In this experiment each series contains four plots. Plot 1 receives residues 
treatment only; Plot 2 receives residues and phosphorus in one of the forms 
under test; Plot 3 receives residues, limestone, and phosphorus; and Plot 4 is 
similar to Plot 3 with phosphorus omitted. On one series steamed bone meal 
(bP) is used as the carrier of phosphorus and is applied at the rate of 200 
pounds per acre per year. On another series acid phosphate (aP) is applied at 
the yearly rate of 33314 pounds per acre. On a third series rock phosphate (rP) 
serves as the source of phosphorus and is applied at the rate of 66674 pounds per 
acre yearly. On the last series basic slag phosphate (sP) is applied at the rate of 
250 pounds per acre yearly. 

The yields for all crops harvested on these plots are recorded in Table 13. 
Table 14, which is derived from Table 13, shows differences in crop yields pre- 
sumed to have resulted from applying the various forms of phosphatic fertilizers 
for the eleven crops harvested since the beginning of the applications up to 1926. 
In computing these comparisons, each phosphate plot is compared with its neigh- 


boring non-phosphate plot. Aside from the soybeans, the figures show without 


exception more or less crop increase on the phosphorus plots, no matter what the 
form of carrier employed. 


whan 
pcteria 
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Tasie 13.—ALEDO FIELD: PuospHatrs ExrERIMENT 
Annual Crop Yields—Bushels or (tons) per acre 


19162] 19172} 19182] 1919 | 1920 | 1921 | 1922 | 1923 | 1924 | 1925 | 1926 
Plot Soil treatment Corn | Oats | Soy- |Wheat] Corn | Oats |Clover| Corn | Corn |} Oats | Wheat 
No. applied! beans hay 
“SUE VIBL I Ot ea 53.4 | 85.5 | 18.9 | 32.4 | 72.8 | 48.9 |(2.88)] 83.5 | 58.2 | 63.9 | 44.0 
POZA) UMD ae Meters ventas ciel elo'e'd « 0.0 61.7 | 91.7 | 19.0 | 34.7 | 86.4 | 61.9 |(8.25)] 82.7 | 66.0 | 75.0 | 59.2 
Rot Sin PARRO er Nara sto PayeYe Bisse eaculeva os 61.5 | 90.6 | 23.2 | 35.6 | 87.3 | 53.3 |(3.48)| 82.5 | 66.8 | 73.4 | 62.0 
MOON HARUM RE eTeMIE Me efe (ole eis!areye vie ear « 55.1 | 80.5 | 22.6 | 32.9 | 77.7 | 47.7 |(2.61)| 88.2 | 60.3 | 64.5 | 44.6 
ASQ) Han eb eenewar ants Ares Yates dio,» tesa ve eee 55.2 | 84.7 | 19.5 | 33.0 | 71.2 | 53.6 |(3.17)| 84.7 | 57.3 | 64.4 | 43.3 
DORA Ed os On a Ae ee 57.8 | 87.7 | 18.7 | 38.3 | 87.1 | 60.9 |(8.23)| 82.5 | 65.9 | 76.1 | 60.6 
OE pa a8 SP oe 64.7 | 83.4°| 23.1 | 38.2 | 88.1 | 52.3 |(8.53)] 77.6 | 64.7 | 78.1 | 64.4 
EON Ee Prati Ser laihioss)cie)3 6 wa aie 0% 51.9 | 81.7 | 24.6 | 32.8 | 84.9 | 50.2 |(3.06)| 84.1 | 51.9 | 64.1 | 47.3 
AUR ttcreticuteite eilnts qinleis' + sce as 54.3 | 83.1 | 20.8 | 34.2 | 75.6 | 52.8 |(3.41)| 82.8 | 61.2 | 66.6 | 44.8 
Cate | RRND PANN Mainsasosels oe) sso o's) 0 58.8 | 83.3 | 23.3 | 36.7 | 80.4 | 63.0 |(3.60)| 87.8 | 69:3 | 70.3 | 59.2 
FE ERT RM MCHAIRS ev ie \a1j6's s'ee oes 57.2) 81.2 | 28.1 | 36.7 | 80.2 | 53.3 |(3.82)| 86.6 | 70.8 | 67.8 | 57.5 
OLN FAM i sp aveibis oibs'ee eos 52.1 | 81.7 | 26.9 | 34.1 | 82.0 | 48.9 |(8.15)| 84.6 | 62.5 | 66.3 | 48.8 
SOG) IER PEERS SES vis e\oi's 6 & oe» 57.6 | 73.8 | 18.0 | 38.7 | 68.1 | 54.8 |(2.62)| 74.3 | 58.8 | 45.0 | 45.8 
SZ. RAE Sete Gisigleisjae sieians/s) v0 «6 56.4 | 87.8 | 20.6 | 38.1 | 81.0 | 66.2 |(3.66)| 80.0 | 69.1 | 66.3 | 60.2 
ON SH APR 63: A oa ea 53.3 | 78.9 | 23.7 | 38.4 | 83.6 | 57.0 |(3.63)| 82.0 | 70.2 | 66.7 | 66.0 
Pn Luis OPM cis plateily sore 6% 51.8 | 77.5 | 21.8 | 33.3 | 70.4 | 59.8 |(2.99)| 82.6 | 59.9 | 53.9 | 48.2 


1Bone meal (bP) at the rate of 200 pounds per acre per year. Acid phosphate (aP) at the rate of 33314 pounds 
per acre per year. Rock phosphate (rP) at the rate of 66624 pounds per acre per year. Slag phophate (sP) at the rate 
of 250 pounds per acre per year. All minerals applied once in the rotation ahead of the wheat crop. 

2No residues. 


Attention has already been called to the difficulties in making exact com- 


. parisons of this nature, on account of the fluctuation in prices of both farm pro- 


ducts and fertilizer materials. A set of arbitrary prices, as indicated in the 


Taste 14.—ALEDO FIELD: Average ANNUAL Crop INCREASES PER ACRE AND THEIR VALUE 
PrRopucED By THE VARIOUS ForRMS oF PHOSPHATE 


Computed from Yields in Table 13—Bushels or (tons) per acre 


Wheat Corn Oats Clover Soy- Value | Cost of | Profit 

Comparison of beans of phos- from 
treatments increase | phate 
2 crops | 4 crops | 3 crops 1 crop 1 crop | 11 crops}| 11 years?| 11 crops | P&t year 


Profit 
per acre 


Bone meal, residues, over 


PESICUEEE a eteniplale soleus sis aie 8.8 7.2 10.1 (eh) -1 |$62.93 |$44.00 |$18.93 $1.72 
Bone meal, residues, lime, 
over, residues, lime........ 11.0 4,2 8.2 (© V0) .6 65.12 44.00 Zila 1.92 


Acid phosphate, residues 


over residues. ..........+- 11.3 6.2 7.3 ( .06)| — .8 56.41 44.00 12.41 1.13 
Acid phosphate, residues, 

lime, over residues, lime...| 11.3 5.6 6.0 ( .47) | -1.5 57.95 44.00 13.95 iaPye 
Rock phosphate, residues, 

over residues.............- 8.5 5.6 4.7 Ga9) 2.5 51.00 44.00 7.00 64 
Rock phosphate, residues, 

lime, over residues, lime. . . Dal 3.4 1.8 © 367) 1,2 38.73 | 44.00 |—5.27 |— .48 
Slag phosphate, residues, 

over residues...........-. 9.3 6.9 15.4 (1.04) 2.6 84.24 27.50 56.74 5.16 
Slag phosphate, residues, 

lime, over residues, lime...| 11.4 6.1 3.8 9} ( .64) 1.9 64.38 27.50 36.88 | 3.35 


1With wheat at $1.25 a bushel, corn at 75 cents, oats at 45 cents, soybeans at $1.50, and clover at $15 a ton; which 


_ values, with the exception of that for soybeans, are all under the average December 1 farm price quotations for the 


= 


eleven years in which these crops were produced. No official quotations were found for soybeans. 
2The cost of the phosphatic materials is estimated as follows: bone meal $40 a ton, acid phosphate $24, rock 
phosphate $12, and slag phosphate $20. 
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footnote to Table 14, may therefore be assumed as representing approximately 
average market conditions. The values for the phosphatic fertilizers would 
seem conservative enough, and furthermore the quantities of these materials em- 
ployed in these experiments are, with the possible exception of the slag phosphate, 
ereater than ordinarily would be used, or need to be used, in good farm practice. 

Reckoned on the basis of the prices shown, slag phosphate appears to have 
produced the most profitable returns of the four phosphorus carriers inthe test, 
bringing an average profit of $5.16 an acre yearly where applied without lime- 
stone and $3.35 where applied with limestone. Bone meal has given an average 
profit of $1.72 applied without limestone and $1.92 applied with limestone. Acid 
phosphate has returned $1.13 used without limestone and $1.27 used with lime- 
stone. Rock phosphate has produced the lowest money returns, giving a profit of 
64 cents an acre a year when applied without limestone and a loss of 48 cents 
when used with limestone. 

No consideration is given in these comparisons to the relative phosphorus 
reserves which should have accumulated in the soil, and it should be emphasized 
again that the order of these values might be easily shifted by relatively small 
change in commodity prices. 

The results from the limestone treatments on the plots of this minor series 
are shown in Table 15. This material was applied to Plots 3 and 4 in 1912, when 
the land was still under alfalfa, at the rate of 4 tons an acre, and another dress- 
ing was added in 1917, after the present experiments were under way. 

Comparing first the results from the check plots, which receive no phos- 
phorus, it appears that limestone used with residues alone has been of doubtful 
benefit to all crops excepting soybeans. 


Tasie 15.—ALEDO FIELD: Avreracr Annuat Crop INCREASES PER ACRE AND THEIR VALUE 
Propucep BY LIMESTONE 


Computed from Yields in Table 13—Bushels or (tons) per acre 


Wheat Corn Oats Clover Soy- Value | Cost of | Profit 
Comparison of beans of lime- from Profit 
treatments increase | stone per acre 
2crops | 4crops | 3 crops | 1 crop 1 crop | 11 crops}| 11 years?| 11 crops | P&t year 


Limestone, residues, over 
TESIGUES. |.) hues et ees 1.4 2.0 — .1 |-( .07) 4.7 |$15.36 |$12.00 $3.36 | $ .31 


Limestone, residues, bone 
meal, over residues, bone 
BOCA hs etcenete vapstetecits 2.8 3 —3.8 ( .23) 4.2 12.52 12.00 52 | -05 


Limestone, residues, acid 
phosphate, over residues, 
acid phosphate........... 1.9 5 —3.6 ( .30)|° 4.4 12.49 12.00 .49 .04 


Limestone, residues, rock 
phosphate, over residues, 
rock phosphate.:........ er) — 4 —4.8 ( .22) 4.8 57 12.00 |—11.43 |—1.04 


Limestone, residues, slag 
phosphate, over residues, 
slag phosphate........... Sel iad —5.8 -|—( .08) 3.1 6.22 12.00 |— 5.78 |-— .53 


1For crop values used in these computations, see footnotes to Table 14. 
2A charge of $2 a ton is made for the six tons of limestone applied. sy 
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Considering all treatments, the soybeans exhibit a consistent gain from lime- 
stone, while oats respond with a consistent loss. At the prices for crops and 
‘limestone assumed in these computations, a profit of 31 cents an acre a year 
for limestone applied without phosphate of any kind is found. Where 
limestone was applied with bonemeal, the limestone profit was 5 cents an acre a 
year, and with acid phosphate it was 4 cents. Used with rock phosphate, the crop 
inereases were so small that there was a loss of $1.04 an acre a year. 

When the small margin of profit and the possible experimental error in- 
volved in this kind of work are considered, it is doubtful whether limestone used 
with phosphates in the manner described has, up to the present time, paid its cost. 
The Aledo field represents one of those borderline cases, so to speak, in which the 
upper soil is neutral or only slightly acid and the lime requirement, therefore, not 
yet very marked. As time goes on, however, and cropping continues, the need for 
lime will develop. It is planned to discontinue liming on these plots until its 
need becomes manifest, and’ in so doing the annual cost of the limestone already 
applied will become automatically reduced, so that net returns which hitherto 
have represented a loss may sooner or later result in a positive profit. 


THE HARTSBURG FIELD 


Black Clay Loam, Terrace, as noted on page 21, occupies 15 square miles 
in Henry county. The results of the Hartsburg field, situated in Logan county 
just east of the town of Hartsburg, are suggestive of the treatments that are 
effective on this type of soil. 


TaBLe 16.—HARTSBURG FIELD: Summary or Crop YIELDS 
Average Annual Yields 1913-1926—Bushels or (tons) per acre 


Serial : Wheat Corn Oats Clover? |Soybeans| Alfalfa! 
plot Soil treatment 
No. applied 12 crops | 19 crops | 14 crops | 7 crops | 2crops | 11 crops 
1 (Ws, 5): 9 gee 25.6 46.5 46.7 (1.84) (1.29) (3.47) 
2 WES So. 22 eee 29.9 57.0 52.6 (2.19) (1.64) (3.67) 
3 IMS, 3 eo oe 35.0 62.9 58.0 (2.32) (1.82) (3.91) 
Po an 37.2 61.8 57.5 (2.39) | (1.92) | (4.19) 
5 U5 Qo ee eee 30.5 52.1 46.0 (1.28) 25.8 Grae) 
6 {Rhys = ena eee 33.6 62.3 54.1 (1.67) 26.8 (3.78) 
hi (Ri bo ee eee 31.0 66.3 52.2 (1.64) 28.4 (3.45) 
8 eRe aleve) 2) cisinie eis: sve 35.2 65.4 56.3 (1.79) 26.1 (4.04) 
9 BEE rarrcrs, ss les < 34.6 64.3 55.4 (2.13) 26.4 (4.16) 
LG sei OMe eretcteteo Ae slots 31.1 51.6 47.4 @202)8 | CIEG9) (3.20) 
Crop Increases 
ISON OR cisco ines 4.3 10.5 5.9 (( cata ( .35) ( .20) 
ROM OTN oiets coveiaie cfs 0:5 oe 10.2 Sal ( .39) 1 ( .45) 
IMEEover sles sos 1.3 Liypal 5.9 5.4 Cals) ( .18) (9:24) 
GOMER Eee c ais)sieis «3 —2.6 4.0 —1.9 |-—( .03 LG —( .33) 
MLP over ML....... a2 -1.1 — .5 G07) ( .10) ( .28) 
RGR sOver FUE os /5% er. 4.2 — 9 4.1 @at5)s 253 ( .59) 
RLPK over RLP..... — .6 —1.1 —- .9 ( .34) 3 (Ga2)) 


1No residues for the first six crops. Some clover seed is evaluated as hay. 
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This field was started in 1911 and laid off in five series of 10 plots each. The 
crop rotation up to 1923 was wheat, corn, oats, and clover, with alfalfa growing 
on a fifth series. The program was then changed to corn, corn, oats, and wheat with 
sweet clover catch crop on the first series, and corn, oats, wheat, and legume hay 
(clover and alfalfa mixture) on the fifth series. The soil treatments are as 
indicated in Table 16, which summarizes by crops the yields for the period during 
which the plots have been under full treatment. 

The outstanding feature of the results on this field is the large increases 
produced by organic manures whether in the form of crop residues or stable 
manure. The behavior of limestone (L) is rather peculiar in that it has been 
more beneficial where applied with manure than where used with residues. Used 
with manure it shows some increase in all crops, while with residues its effect on 
several of the crops appears negative. 

Altho rock phosphate (P) has given some increases in wheat yield in both the 
manure and the residues systems, the results with other crops have been such as 
to render the use of this material unprofitable on this field. The addition of 
potassium (K) appears to have produced no significant effect. 

It may be mentioned that new experiments have been recently started on 
these plots which are designed to answer some of the questions brought out by the 
foregoing results. For example, the effect of applying phosphorus in other 
earriers and in different combinations, as well as testing the residual effect of 
phosphate already applied, is being tried. 


THE VIENNA FIELD 


Henry county, as indicated in the descriptions of certain of its soil types, 
includes considerable land that is subject to destruction thru erosion or washing. 
Yellow Silt Loam, which occupies over 38 square miles in the county, is par- 


Fic. 12.— PROPER SOIL AND CROPPING METHODS WOULD HAVE PREVENTED THIS CONDITION 


This abandoned hillside is just over the fence from the field shown in Fig. 13. Yellow 
Silt Loam is particularly susceptible to this kind of damage. 
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ticularly susceptible to this kind of damage. Operators of this kind of land in 
Henry county will therefore be interested in experiments conducted on the Vienna 
field, in Johnson county, to test out different methods of reclaiming badly gullied 
land and preventing further erosion. 

The Vienna field is representative of the sloping, erodible land so common 
in the extreme southern part of the state. When the experiments were started 
the whole field, with the exception of about three acres, had been abandoned be- 
cause so much of the surface soil had washed away, and there were so many gullies 
that further cultivation was unprofitable. For the purpose of the experiments 
the field was divided into different sections (see Table 17). These were not 
entirely uniform; some parts were much more washed than others, and portions 
of the lower-lying land had been affected by soil material washed down from 
above. The higher land had a very low producing capacity ; on many spots little 
or nothing would grow. 

Limestone was applied to the entire field at the rate of 2 tons an acre. Corn, 
cowpeas, wheat, and clover were grown in a four-year rotation on each section 
except the one designated as D, which included but three plots. 


Careful records were kept for nine years. The results, summarized in Table 
17 indicate something of the possibilities in improving hillside land by protecting 
it from erosion. The average yield of corn from the protected series (A, B, and 
C) was 30.6 bushels an acre, as against 14.1 bushels on the check series (D). 
Wheat yielded 11.1 bushels on the protected series, in comparison with 4.6 
bushels on the check, and clover yielded 4 of a ton on the protected series and 
but 4% of a ton on the check. 
Figs. 12 and 13 serve further to indicate what may be done with this type of 
soil even after it has become badly washed and gullied. 


Fig. 13.—Corn GROWING ON AN IMPROVED HILLSIDE OF THE VIENNA EXPERIMENT FIELD 


This land had formerly been badly eroded. It was reclaimed by proper soil treatment 
and cropping. Compare with Fig. 12. 
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TaBLe 17.—VIENNA FIELD: Hanpuine Hitusipr LAND To PREVENT EROSION 
Average Annual Yields 1907-1915—Bushels or (tons) per acre 


Corn Wheat Clover 


Section Method — ? crops 7 crops 3 crops 
A Terrace ac 1A eee an id s Meh! Sila eh aoae 31.4 9.0 ( .68) 
B Embankments and hillside ditches............... 32.4 12a OF) 

Cc Organic matter, deep contour plowing, and contour 
planting i vaih. ee mats kone eetd caine erie ee ire 27.9 LEA ( .80) 
D eel z # savan hucray ales Sec eeke ae eg Ee ee Ie 14.1 4.6 Ca21) 


Section A included the steepest part of the field and contained many gullies. The land 
was built into terraces at vertical intervals of 5 feet. Near the edge of each terrace a small 
ditch was placed so that the water could be carried to a natural outlet without much washing. 

Section B was used to test the so-called embankment method. Ridges were plowed up 
which were sufficiently high so that when there were heavy falls of rain the water would break 
over and run in a broad sheet rather than in narrow channels. At the steepest part of the 
slope, hillside ditches were made for carrying away the run-off. 

Section C was washed badly but contained only small gullies. Here the attempt was made 
to prevent washing by incorporating organic matter in the soil and practicing deep contour 
plowing and contour planting. With two exceptions, about 8 loads of manure an acre were 
turned under each year for the corn crop. 

Section D was washed to about the same extent as Section C. It was farmed in the most 
convenient way, without any special effort to prevent washing. 


: Manure Manure and limestone 
Yield: Nothing Yield: 4.43 tons per acre 


Fic. 14.—ALFALFA ON THE OQUAWKA FIELD 
These pictures show the possibility of improving this unproductive sandy land of the 
Oquawka field. Both plots were seeded alike to alfalfa. Where manure alone was applied, the 


crop was a total failure, but where limestone in addition to manure was applied, nearly 414 tons 
of alfalfa hay was obtained as the season’s yield. z 
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THE OQUAWKA FIELD 


Since there are considerable areas of Dune Sand, Terrace, in Henry 
county, experiments on that type conducted by the University in Henderson 
county, near the Mississippi river, will be of interest. The Oquawka field was 
established in 1913. It is divided into six series of plots. Corn, soybeans, wheat, 
sweet clover, and rye, with a catch crop of sweet clover seeded in the rye on the 
residues plots, are grown in rotation on five series, while the sixth series is devoted 
to alfalfa. When sweet clover seeded in the wheat fails, cowpeas are substituted. 
Table 18 indicates the kinds of treatment applied; the amounts of the materials 
used were in accord with the standard practice, as explained on page 46. 

Limestone (Li), it will be noted, has had a remarkably beneficial action on 
this sand soil. Where it has been used in conjunction with crop residues, the 
yield of corn has been practically doubled. It has also produced good crops of 
rye and fair crops of sweet clover and alfalfa. 

This land appears to be quite indifferent to treatment with rock phos- 
phate (P). The analyses show, however, that the stock of phosphorus in this 
type of soil is not large; and as time goes on and the supply diminishes under 
the production a good-sized crops, the application of this element may become 


Taste 18.—OQUAWKA FIELD: Summary or Crop Yreips 
Average Annual Yields 1915-1926—Bushels or (tons) per acre 


Serial : Corn |Soybeans'| Wheat Sweet Rye Alfalfa 
plot Soil treatment dows’ 
- No. applied 12 crops | 12 crops | 12 crops | 8 crops | 10 crops | 9 crops 
1 Uy a oe 20.2 ( .99) 8.7 0.00 12.1 ( .42) 
UNV UREM es 1's sive Se ade 25.3 (1.19) 12.0 0.00 13h 7 .92) 
ST MHMMY MULTE acs 5 pie) soe, 6 a: 33.4 (1.61) 16.1 1.03 24.7 (2.37) 
Be. || 10 Le rr 33.9 (1.56) 16.4 1.05 23.4 (2.45) 
ENO) .o 8 ee 19.7 (Cone 10.7 0.00 12.7 ( .40) 
6 1Soo } DE Oe eae 21.2 .82) 12.2 0.00 12.9 (45) 
ECL Meas (a oiirSis-o ark 8 hie. 372 Gr 17) Way! 1.41 24.0 (2.11) 
iS || el 22 37.0 (1.25) 15.6 1.28 24.1 (2.10) 
6) a 18s Ld En 39.2 (1.20) 14.9 1.49 26.0 (2EL7 
IO) Us, 2a See eee ee 18.6 Oy) 9.6 0.00 10.3 ( .29) 
Crop Increases 
ION EDO. oleitiehete <2 5.1 ( .20) 3.3 0.00 1.6 ( .50) 
MONOD On ce cies cise ee 1.5 ( .05) 1.5 0.00 2 (205) 
WVU overs Ms ....5 es oe Seat (742) 4.1 1.03 Bin) (1.45) 
ubeomer JR: Siecle fae 16.0 ( .35) 2.9 1.41 Talal (1.66) 
MLP over ML....... .5 |—( .05) a8) .02 — 1.3 ( .08) 
RileeoversRire . ok. ': — .2 ( .08) a0) — .13 Shi ae O1) 
RLPK over RLP...... 2.2 |—( .05) | — .7 Ohl 1.9 C207) 


‘Kleven regular crops, together with the extra crop described in footnote 2, are averaged as 
11 crops. Several crops which were harvested as seed are evaluated in this summary as hay. 

*Some hay is evaluated as seed. In 1918 the sweet clover was killed by early cutting for a 
hay crop; soybeans were seeded in July, and the ensuing crop is included in the soybean average. 
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profitable. It is also quite possible that a more available form of phosphate could 
be used to advantage on this very sandy soil. 

Altho the results show an increase of about 2 bushels of corn from the use 
of potassium salts (K), with ordinary prices this would not be a profitable 
treatment. The slight increases from the use of potassium appearing in the other 
crops are scarcely significant. 

A significant fact which the above summary does not bring out is that im- 
provement in crop yields under favorable treatment has been progressive, as 
evidenced by a very marked upward trend in production after the first few years. 
The yield of corn, for example under the limestone-residues (RL) treatment 
has been 37.2 bushels an acre as an average for the 12 crops since full treatment 
started, but if we take an average of the last five crops, the yield rises to 42.9 
bushels. Likewise the wheat yields under this same treatment for the eleven-year 
average is 15.1 bushels, but the average for the last five years is 22.3 bushels. 

Experience thus far shows rye to be better adapted to this land than wheat, 
and both alfalfa and sweet clover do better than soybeans. With these two 
legume crops thriving so well under this simple treatment, we have promise of 
great possibilities for the profitable culture of this land, which hitherto has been 
considered as practically worthless. 


THE MANITO FIELD 


The Manito experiment field, in Mason county, which was in operation from 
1902 to 1905, gives some interesting results of the effects of soil treatment on 
Deep Peat. There are altogether about 714 square miles of Deep Peat in Henry 
county. 

The field consisted of ten plots which received the treatments indicated in 
Table 19. Where potassium was applied, the yield was three to four times as 
large as where nothing was applied. Where approximately equal money values 
of kainit and potassium chlorid were used, slightly greater yields were obtained 
with the potassium chlorid, which, however, supplied about one-third more 
potassium than the kainit. However, either material furnished more potassium 
than was required by the crops produced. 


Taste 19—MANITO FIELD: Deep Peat 
Annual Crop Yields—Bushels per acre 


Plot Soil treatment Corn | Corn Soil treatment Corn | Corn 


No. 1902 1902 | 1903 1904 1904 | 1905 
Al. \j\ None sets tik. e nee ee oe 10.9.) 8.1, | "Notes... 7.242 eee Seer 12.0 
2 INOne rE Ete sant eee 10.4 | 10.4 | Limestone, 4000 Ibs........ LOLOL 
3 9 eainit 1G 00Mbs een meer 30.4 | 32.4 | Limestone, 4000 lbs., kainit, 

1200 lbs.'s.5. eee 49.6 | 47.3 

4 | Kainit, 600 lbs., acidulated Kainit, 1200 lbs., steamed 
bone, s50Hbs yeas 4) S0son odo bone, 395 lbs2...aeeeee 3.5 | 47.6 
5 | Potassium chlorid, 200 lbs. .| 31.2 | 33.9 | Potassium chlorid, 400 Ibs. .| 48.5 | 52.7 
6 | ‘Sodium*chlorid,700 lbs... | 11.1) 13.19) None)... eee Danna. | 
7 | Sodium chlorid, 700 lbs... .| 13.3 | 14.5 | Kainit, 1200 Ibs........... 44.5 | 47.3 
Sel Kainit 600 bse sacs. an: 36:8:| 37.7 | Kainit, GO0ilbs...-1eeetree 44.0 | 46.0 
OWNS Kainit S00 Moser ee. 26.4 | 25.1 | Kainit, 300 lbs... .22aesene 41.5 | 32.9 
10 INGO Sniierbl sai see ee ce @) 14.9 .:| None es \c0\. Aen e 26.0 | 13.6 


1Yield not recorded for 1902. sh 
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The use of 700 pounds of sodium chlorid (common salt) yielded no great 
increase over the best untreated plots, indicating that where potassium is itself 
actually deficient, salts of other elements cannot take its place. 

Applications of 2 tons of ground limestone per acre produced no increase in 
the corn erops either when applied alone or in combination with kainit, either 
the first year or the second. 

Reducing the application of kainit from 600 to 300 pounds for each two- 
year period reduced the total yield of corn from 164.5 to 125.9 bushels. The two 
applications of 300 pounds of kainit (Plot 9) appear to be insufficient. 
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The Soil Survey of Illinois was organized under the general supervision 
of Professor Cyril G. Hopkins, with Professor Jeremiah G. Mosier directly 
in charge of soil classification and mapping. After working in association — 

_ on this undertaking for eighteen years, Professor Hopkins died and Profes- 
sor Mosier followed two years later. The work of these two men enters so 
intimately into the whole project of the Illinois Soil Survey that it is im- 
possible to disassociate their names from the individual county reports. 
Therefore recognition is hereby accorded Professors Hopkins and Mosier for 

their contribution to the work resulting in this publication. — 
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INTRODUCTORY NOTE 


It is a matter of common observation that soils vary tremendously in their 
productive power, depending upon their physical condition, their chemical com- 
position, and their biological activities. For any comprehensive plan of soil 
improvement looking toward the permanent maintenance of our agricultural 
lands, a definite knowledge of the various existing kinds or types of soil is a 
first essential. It is the purpose of a soil survey to classify the various kinds of 
soil of a given area in such a manner as to permit definite characterization for 
description and for mapping. With the information that such a survey affords, 
every farmer or landowner of the surveyed area has at hand the basis for a 
rational system of improvement of his land. At the same time the Experiment 
Station is furnished an inventory of the soils of the state, upon which intelli- 
gently to base plans for those fundamental investigations so necessary for ai 
the problems of practical soil improvement. 

This county soil report is one of a series reporting the results of the soil 
survey which, when completed, will cover the state of Illinois. Each county 
report is intended to be as nearly complete in itself as it is practicable to make 
it, even at the expense of some repetition. ‘here is presented in the form of an 
Appendix a general discussion of the important principles of soil fertility, in 
order to help the farmer and landowner to understand the significance of the 
data furnished by the soil survey and to make intelligent application of the same 
in the maintenance and improvement of the land. In many eases it will be of 
advantage to study the Appendix in advance of the soil report proper. 

Data from experiment fields representing the more extensive types of soil, 
and furnishing valuable information regarding effective practices in soil man- 
agement, are embodied in the form of a Supplement. This Supplement should 
be referred to in connection with the descriptions of the respective soil types 
found in the body of the report. 
¢ While the authors must assume the responsibility for the presentation of 

this report, it should be understood that. the material for the report represents 
the contribution of a considerable number of the present and former members 
of the Agronomy Department working in their respective lines of soil mapping, 
soil analysis, and experiment field investigation. In this connection special 
recognition is due the late Professor J. G. Mosier, under whose direction the soil 
survey of Morgan county was conducted, and Mr. F. W. Wascher, who as leader 
of the field party, was in direct charge of the mapping. 
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MORGAN COUNTY SOILS 


By R. 8. SMITH, E. E. DETURK, F. C. BAUER anv L. H. SMITH? 


Morgan county is located in the west-central part of Illinois. Part of its 
western boundary is formed by the Illinois river. The location of this county 
along a water course which at one time carried an immense amount of sediment 
has an important bearing on the character of the soils, as will appear later. 

The climate of Morgan county is typical of central Illinois. It is character- 
ized by a wide range between the extremes of winter and summer and has an 
abundant, usually well-distributed rainfall. The greatest range in temperature 
for any one year for the twenty-five years from 1902 to 1927, as recorded at the 
weather station at Alexander, Illinois, was 127 degrees, in 1914. The highest 
temperature recorded was 108° in 1918; the lowest, 27° below zero, in 1905. 
The average date of the last killing frost in spring was April 24; the earliest in 
the fall, October 16. The average length of the growing season is 175 days. 

The average annual rainfall, as recorded at Alexander for this 25-year 
period, was 36.18 inches. The average rainfall by months for this period was 
as follows: January, 1.72 inches; February, 1.51; March, 3.02; April, 3.54; May, 
4.20; June, 5.02; July, 3.07; August, 4.02; September, 4.56; October, 2.66; 
November, 2.06; December, 1.80. 


INCHES OF RAINFALL 
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Fig. 1—AVERAGE MONTHLY DISTRIBUTION OF RAINFALL IN MORGAN COUNTY 


It will be noted that the more abundant rainfall occurs mainly during 
the growing season which, of course, is favorable to crop production. The 
relatively dry July favors the harvesting of grain but the wet June pre- 
sents an obstacle to the gathering of hay. 


1R. S. Smith, in charge of soil survey mapping; E. E. DeTurk, in charge of soil analysis; 
F. C. Bauer, in charge of experiment fields; L. H. Smith, in charge of publications. 
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AGRICULTURAL PRODUCTION 


Morgan county is agricultural in its interest, tho nearly 30 percent of the 
area of the county is too rough for ordinary farming. According to the United 
States Census of Agriculture, 1925, there were 2,326 farms in the county, a de- 
crease of 94 since 1920. About 40 percent of the farms were operated by tenants 
in 1925. 

The principal crops are those common to the corn belt, as shown by the 
following figures for 1924. 


Crops Acreage Production Yield per acre 
COT LOCH! ACTCALO cise acre imaya re sieniaars s/w toteys = LOO;084:= ~ 9 hie etewtene rears 
TIAPVeStOU LOT) OTA: aayeists chersiorefenunts eierstereis 97,337 8,815,784 bu. 39.2 bu. 
Oni, LOT AREA RO sey atelier ais os cerelaiene ereroueiaiere 601 5,105 tons 8.49 tons 
Cut for fodder... ........sscesssewseees (lay SA Sood oar on 
da loyeqegeYo WtepieamtRney rracieo am ONO ONG Oc Cap DL A OORT ae Meictereteene tee eres 
Vi Ca trreta sive uastavete eyes) ste aioiureletere ersnele oa sie oucierete alc 59,065 1,183,199 bu. 20.0 bu. 
Oats, threshed tors PAI sists sits vole e's ol denye ss) 25,149 1,023,108 bu. 40.7 bu. 
Oats cut and fed unthreshed..............+.. 4 AO4 © ©. WM arestiageheere eee 
ESTO TH Wa oy ese «x relts iolotone heres efotoienetelel sie sie aterebetete HU ydaclennt 
Timothy and (clover Mixed... vi. sseweswes evice's A,B28%"  ~*) erereistelttars 
CLG VETS oepeuiscaie s oxeceleleraichefoln/cutaiogeucseuniey reveals 5,955,508) hc raeteretcer 
PAUP AIEO, che gaterech ere = ait tas oore' eles re ciel a ie sParereehava TOBE. trey terctene Stor. 
Hay of all kinds, both tame and wild......... 21,130 24,430 tons 1.16 tons 


These census figures are for but a single year. For the ten-year pericd 1916 
to 1925 the U. S. Department of Agriculture gives the average yield of corn as 
38.8 bushels; oats, 34.3 bushels; winter wheat, 19.4 bushels; and tame hay, 
1.37 tons. 
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Fig. 2.—RELATIVE ACREAGE OF FIELD Crops IN MorGan County 

The diagram brings out the preponderance of land devoted to the three 
grain crops, corn, oats, and wheat. Legume crops might well occupy a larger 
proportion of the cultivated acreage. (Data from the 1925 Census) 
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The following figures taken from the 1925 Census show the character of the 
livestock interests in the county for the year 1924. 


Animals and Animal Products Number Value 
VOVSES Asi .res cotcre norete te evetote sonclae aye 6 eusteretemre ae etets 11,159 $645,349 
MGOR! (3: c< acide e dies ae Phas aa: Sele 91 2,417 190,547 
Cattle! (total lay znchs ciohcetieive «ie ol tesla setts oral 23,202 904,564 
Dairy COWS TMi titi eicie, oat losts-cciwensr nee sleleroieie rete 4,942 ee eet 
Dairye PLOAUCtS A seau-diol. siajectete ih chevene stay athe ioletaee Sesser 326,560 
Heep ie craic crotslens ois me ev sian ston teriaieiay charac ewenars mie otek 6,181 63,091 
SWANS shase note oraiel stevens tiers) «-olievejeeriel a atouede [ors takes oloher eaerene 70,832 903 "436 
Chickens jand eg og areas userse cieloreeenst ee rareretancteterstevene aictatesars 620,322 


VCO So sic oh srodsihadogsncotosd0nc0boDedoduns aaleete 14, 798 
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CATTLE ($904,564) 


Fig. 3.—RELATIVE VALUE OF THE MoRE 
IMPORTANT CLASSES OF FARM ANIMALS 
IN MorGAN COUNTY 


SWINE 903,436) 


HORSES ($645,349) 


The value of horses and mules in Morgan county is about equal to that of 
cattle or of swine. Sheep are of least importance. 


SOIL FORMATION 
GLACIATION 


One of the most important periods in the geological history of the county, 
from the standpoint of soil formation, was the Glacial period. During and im- 
mediately following this remote period, the material that later formed the mineral 
portion of the soils was being deposited. At that time snow and ice accumulated 
in the region of Labrador and to the west of Hudson Bay to such an amount that 
the mass pushed outward from these centers, chiefly southward, until a region 
was reached where the ice melted as rapidly as it advanced. In moving across 
the country from the far north, the ice gathered up all sorts and sizes of material, 
including clay, silt, sand, gravel, boulders, and even immense masses of rock. 
Some of these materials were carried for hundreds of miles and rubbed against 
surface rocks and against each other until largely ground into powder. When 
the ice sheet, or glacier, reached the limit of its advance, the rock material 
carried by it accumulated along the front edge in a broad, undulating ridge or 
moraine. With rapid melting, the terminus of the glacier receded, and the ma- 
terial was deposited somewhat irregularly over the area previously covered. 
The mixture of materials deposited by the glacier is known as boulder clay, 
till, glacial drift, or simply drift. The average depth of this deposit over the 
state of Illinois is estimated at 115 feet. 

Previous to the ice invasion this region was generally rough and hilly in 
character. Morgan county was covered by the linoian glaciation. The general 
effect of this glacier was to change the surface from hilly to gently undulating 
by rubbing down the hills and filling the valleys. Only two small moraines were 
formed in this county. They both occur just west of Jacksonville. 
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Altho it did not touch the county, a later ice sheet, known as the Iowan, 
played an important role in the formation of the soils. During the time when 
the melting ice front of the Iowan glacier lay to the north of the area now 
comprizing Morgan county, immense volumes of water, heavily laden with fine 
sediment, flowed from the ice. This water filled the drainage channels and 
overflowed the adjacent lowlands, forming terraces. Following each flood state, 
the water would recede and sediment which had been deposited would be picked 
up by the wind and redeposited on the upland. This wind-blown deposit, known 
as loess, is the material from which the upland soils of Morgan county are formed. 


PHYSIOGRAPHY AND DRAINAGE 


As shown.by the accompanying drainage map, Morgan county is well pro- 
vided with drainage channels which have cut back into the upland from Illinois 
river. The divides are, for most part, flat or slightly undulating and the erosion 
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Fic. 4.—DrAINAGE MAp oF MorcGan County SHOWING STREAM COURSES AND OTHER 
PHYSIOGRAPHIC FEATURES 


slopes on either side of the creeks are steep. The portions of the county which 
are occupied by the dark-colored soils contain much land which is so nearly level 
that surface drainage is not good and underdrainage has to be depended on to 
remove excess water. 


SOIL DEVELOPMENT 


During the time which has elapsed since the last ice invasion, weathering and 
other processes have been active, resulting in the formation of the soils of the 
county as we know them today. When first deposited, the general composition 
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vf any soil material, particularly loess, is rather uniform. With the passing of 
time, however, various physical, chemical, and biological agencies of weathering 
form soil out of the parent material by some or all of the following processes: 
the leaching of certain elements, the accumulation of others; the chemical re- 
duction of certain compounds, the oxidation of others; the translocation of the 
finer soil particles, and the arrangement of them into zones or horizons; and the 
accumulation of organic material from the growth and decay of vegetable ma- 
terial. One of the very pronounced characteristics observed in most soils is that 
they are composed of more or less distinct strata, called horizons. As explained 
somewhat more fully in the Appendix, these horizons are named, from the surface 
down: A, which ineludes the surface and subsurface; B, the upper subsoil; and 
C, the lower subsoil. Each of these horizons may be and usually is divided into 
subdivisions; for example, the surface soil is designated as A,, and the subsur- 
face as A,. In ease there are subdivisions of the subsurface, each is designated 
by A, so we have in certain soils an A,, an A,, and an A,, all being above the B 
horizon, or upper subsoil. 


SOIL GROUPS 

The soils of Morgan county have been divided into four groups, as follows: 

Upland Prairie Soils, dark colored and usually rich in organic matter, the 
organic matter having been derived from the decaying roots of the wild prairie 

grasses which oceupied this land for thousands of years. 

Upland Timber Soils, including those zones along stream courses over which 
forests grew for a long period of time. These contain in general less organic 
matter than the prairie soils. 
| Terrace Soils, including bench lands and second bottoms formed by deposits 
from flooded streams overloaded with sediment, perhaps at the time of the melting 
‘of the glaciers. 

Swamp and Bottom Lands, which include the large flood plain along Illinois 
‘river and also the small flood plains along the creeks which provide drainage 
for Morgan county. 

Table 1 gives the list of soil types in Morgan county, the area of each in 
square miles and in acres, and also the percentage of the total area. The accom- 
panying colored map, shown in two sections, gives the location and boundary of 
each soil type which has been mapped in the county. 
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TaBLE 1.—Sorn Types or Morcan County, ILLINoIs 
Ss ey 
Soil Area in Area Percent 
type Name of type square in of total 
No. miles acres | area 
Upland Prairie Soils (200, 400) 
ao Brown Bilt, LOatpomer accsy i (alos sexe» taint 162.76 104 166 28.52 
Ae Bisok. Clay; Lemieaeetss ou. cei s. 58.53 37 459 10.26 
va i Black Silt Loam On Clay...............00- 16.74 10 713 2.93 
228\ | Brown-Gray Silt Loam On Tight Clay...... 27 174 .05 
428 
238 . 30 152 512 41.76 
Upland Timber Soils (400, 800) 
A34 <i Yellow-GrayiSilt Loam... 4s)... Besscss lene 170.73 109 267 29.92 
eS Un LY CLO Walsilt ALAR INL hreers Miss) once nee cee titers 80.20 51 328 14.03 
874 | Yellow-Gray Fine Sandy Loam............ 5.68 3 635 1.00 
Sia 0) velloy Hine Sandy Loam, «cae -.c eee iaes 14.76 9 446 2.59 
881 Diirie Sanda Bese oct eo freee eer aes 2.30 1 472 -40 
273.67 175 148 47.94 
Terrace Soils (1500) . 
fossa! Yellow-Gray SutLoam x. ees ees eiee. 6.92 4 429 P21. 
1581 Dune Sandy. Me rer,.o wesw waelcs seas ee re 18 115 03 
7.10 4 544 1.24 
Swamp and Bottom-Land Soils (1400) 
14262 | Brown ollt Loamaen.. noe ae eee eur 3.26 2 087 57 
1470") Black Clay lositines nite kuch eee ee eee 2.06 1 318 36 
1470-9 Sandy Black Clay Toamy. > 4.) eevece ol .30 192 .05 
1415 Drab-Claysrte setae oo eS Gir Re Oe erat 47 301 .09 
LAGOS TI Brown Sana yLOaM. ri. . vcteaiby omen seletnars 2.62 1 677 .46 
Ia \sbrown Pine andy Loam. se. een. cee 5.87 3 757 1.03 
1479 | Yellowish Brown Fine Sandy Loam......... 3.01 1 927 -53 
1454 Mixed: ogmigee seca antics cep ante aeiee: ra a bf 19 948 5.46 
1428 | Brown-Gray Silt Loam On Tight Clay...... 15 96 -03 
1468 | Brown-Gray Sandy Loam On Tight Clay ... 25 160 04 
1401 Deep sPeatsarcen. srt. ie verse eres 02 13 01 
49.18 31 476 8.63 
Water. 2.200% eileen. roa pai Meee 2.44 1 561 .43 
Total pe sheen eon re eee ots 570.69 365 241 100.00 


Including associated types described in the text but not differentiated on the map. 
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INVOICE OF THE ELEMENTS OF PLANT FOOD IN 
MORGAN COUNTY SOILS 
Three Depths Represented by Soil Samples 
In the Illinois soil survey each soil type is sampled in the manner described 
below and subjected to chemical analysis in order to obtain a knowledge of its 
important plant-food elements. Samples are taken, usually in sets of three, to 
represent different strata in the top 40 inches of soil, namely: 


1. An upper stratum extending from the surface to a depth of 6% inches. This stratum, 
over the surface of an acre of the common kinds of soil, includes approximately 2 
million pounds of dry soil. 

2. A middle stratum extending from 6%4 to 20 inches, and including approximately 4 
million pounds of dry soil to the acre. 

3. <A lower stratum extending from 20 to 40 inches, and including approximately 6 million 
pounds of dry soil to the acre. 


By this system of sampling we have represented separately three zones for 
plant feeding. It is with the upper, or surface layer, that the following discus- 
sion is mostly concerned, for it includes the soil that is ordinarily turned with 
the plow and is the part with which the farm manure, limestone, phosphate, or 
other fertilizing material is incorporated. Furthermore it is the only stratum 
whose composition can be greatly changed by adding plant-food materials. 

For convenience in making application of the chemical analyses, the results 
presented in Tables 2, 3, and 4 are given in terms of pounds per acre. It is a 
simple matter to convert these figures to a percentage basis in case one desires 
to consider the information in that form. In comparing the composition of the 
different strata, it must be kept in mind that it is based on different quantities of 
soil, as indicated above. The figures for the middle and lower strata must there- 
fore be divided by two and three respectively before being compared with each 
other or with the figures for the upper stratum. 


Wide Range in Organic Matter and Nitrogen 

It can readily be seen from Table 2 that there is a wide variation among 
the different soil types of Morgan county with respect to their content of the 
different plant-food elements in the upper 62% inches of soil. There appears to 
be but little relationship among these variations except with respect to organic 
earbon and nitrogen, the quantities of which run parallel from type to type tho 
the organic-carbon content is usually 10 to 12 times as great as the nitrogen. 
This relationship between organic carbon and nitrogen is explained by the well- 
established fact that all soil organic matter (of which organic carbon is the 
measure) contains nitrogen and that most of the soil nitrogen—usually 98 per- 
cent or more—is present in a state of organic combination, that is, as a part of 
the organic matter. This relationship is also maintained in the middle and lower 
sampling strata. 

The upland soils of Morgan county vary in their content of organic matter 
and nitrogen, the prairie soils being, for the most part, relatively high in these 
constituents while the timber soils are fairly low. The bottom-land soils likewise 
vary a great deal in their content of organic matter and of nitrogen. The soils 
-_ of this group as they occur in Morgan county are in general intermediate between 
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the upland prairie and timber soils in these constituents. The smallest amounts 
of both nitrogen and organic carbon, 1,220 and 16,240 pounds per acre respec- 
tively, are found in Dune Sand, Terrace. However, a sample of the same type 
taken in the upland was richer in these constituents than the other upland timber 
types. This is decidedly better, in fact, than Dune Sand, as it usually occurs. 

In sandy soils the rapid oxidation and easy drainage permitted by the open, 
porous character of the soil result in rapid disappearance of organic materials 
added. For this reason frequent use of green manuring crops or farm manure 
where available is particularly important, in order to maintain suitable conditions 
for crop growth. 

Nearly all of the soils of the county diminish rapidly in their content of 
both organic matter'and nitrogen with increasing depth. This diminution is 
usually noticeable in the second stratum, 674 to 20 inches. 


Phosphorus High in Bottom-Land Types 


The phosphorus content varies quite as widely as do organic matter and 
nitrogen. The terrace Dune Sand is strikingly low, with only 580 pounds of 
this element in 2 million pounds of surface soil. The same type in the upland 
contains nearly twice as much, but as noted above, the upland Dune Sand in 
Morgan county is decidedly above the average for this type as it usually occurs. 
The bottom-land types run generally higher in this element than do most of the 
upland types. However, two bottom-land types contain less than 1,000 pounds, 
namely, Brown Sandy Loam and Brown-Gray Silt Loam On Tight Clay. On the 
whole, soils which are very high in organic matter are usually somewhat high in 
total phosphorus. 

Phosphorus, in contrast with some other elements, is not appreciably re- 
moved from the soil by leaching. It is converted by growing plants into organic 
forms and tends to accumulate in the surface soil in plant residues at the expense 
of underlying strata. Investigations at the Illinois Station have shown that in 
Brown Silt Loam, for example, about 33 percent of the total phosphorus of the 
surface soil is organic, and in Black Clay Loam about 37 percent. It is the 
second stratum (624 to 20 inches) which furnishes most of the phosphorus thus 
moved upward. Consequently in the majority of the soil types in Morgan county 
the surface soil contains a larger proportion of phosphorus than the middle 
stratum and, in some cases, more than the lower stratum. 


Sulfur Generally Well Supplied 


While other elements are not so closely associated with each other as are 
organic matter and nitrogen, there is some degree of correlation between sulfur, 
another element used by growing plants, and organic carbon. This is because a 
considerable tho varying proportion of the sulfur in the soil exists in the organic 
form, that is, as a constituent of organic matter. 

Morgan county soils are only fairly well supplied with sulfur. It ranges, 
in the surface soil, from a minimum of 80 pounds an acre in Dune Sand, Terrace, 
up to 1,110 pounds in Black Clay Loam. The average in Morgan county soils is a 
little more than half that of phosphorus. 
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The sulfur content decreases with depth in nearly all cases, as may be seen 
from a comparison of the figures in Tables 2, 3, and 4. This is to be expected 
since, as stated above, a portion of the sulfur exists in combination with the 
organic matter of the soil, and not only is the organic matter more abundant in 
the upper stratum, but also the organic forms of sulfur are held more tenaciously 
against the leaching action of water than are the inorganic forms. 

If growing crops were dependent entirely upon the sulfur contained in the 
soil for their supply for growth, it would appear questionable from these analyses 
whether there might be some need for added sulfur fertilizers. 

The sulfur available to crops, however, depends not only on the soil supply, 
but also on the amount brought down from the atmosphere by rain. Sulfur dioxid 
escapes into the air in the gaseous products from the burning of all kinds of fuel, 
particularly coal, The gaseous sulfur dioxid is soluble in water and consequently 
is dissolved out of the air by rain and brought to the earth. In regions of large 
coal consumption, the amount of sulfur thus added to the soil is relatively large. 
At Urbana during the eight-year period from 1917 to 1924 there was added to 
the soil by the rainfall an average of 3.5 pounds of sulfur an acre a month. Simi- 
lar observations have been made in other localities for shorter periods. The 
precipitation at the various pomts in the state in a single month has been found 
to vary from a minimum of three-fourths of a pound to more than 10 pounds 
an acre. 

These figures afford some idea of the amounts of sulfur added by rain and 
also of the wide variations in amount under different conditions. Considering 
the amounts which are brought down in rainfall in addition to the soil supply, 
the facts would indicate that apparently there is little need for sulfur fertilizers 
in Morgan county. In order to determine definitely the response of crops to 
applications of sulfur fertilizers, experiments with gypsum have been started 
on a number of experiment fields in different parts of the state. 


Potassium Content Varies Thruout County 


The potassium content of the various soil types also exhibits considerable 
variation. Dune Sand is noticeably low, especially in the terrace, where it 
amounts to only 11,580 pounds in the surface soil. Sand soils carry a large pro- 
portion of their potassium in the sand grains. The relatively smaller surface 
exposed in the case of these coarser soil particles greatly lowers the rate at which 
potassium is dissolved and hence its availability. The deficiency of available 
potassium in the sandy soils may be partly, if not wholly, offset by the greater 
facility with which crop roots can penetrate soils of that character as compared 
with the heavier types. In the other types the potassium content ranges from 
17,560 pounds to 35,530 pounds per acre in the surface soil. These amounts 
are somewhat below those frequently found in the same types as they occur in 
other counties. However, the total amount is so greatly in excess of crop re- 
quirements that the matter of soil management for its liberation, such as good 
rotations and green manuring, is probably of greater importance than potassium 
fertilization. The potassium concentration shows practically no variation at 
different depths. 
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Calcium and Magnesium Vary Widely Within the Type 


The variations in the amounts of calcium and magnesium present in the 
soils of Morgan county are very wide. Only two of the types, Dune Sand, Ter- 
race, and Brown Sandy Loam, Bottom, are particularly low in either of these 
elements. In very acid soils it sometimes happens that the calcium present is 
in such highly insoluble forms that it does not become available rapidly enough 
for crop growth. The benefit realized from liming such soils may therefore be 
due, not wholly to the correction of acidity, but probably in part to the fact 
that the limestone supplies calcium as a plant-food element in a form which 
rapidly becomes available. 

Variations in the amounts of calcium and magnesium in the different depths 
of those soils which do not contain native calcium carbonate furnish a clue as 
to the translocations of these elements during the long period in which the dif- 
ferent types were developing. In the surface stratum ealcium exceeds mag- 
nesium in most eases. This would indicate a larger percentage of calcium than 
of magnesium in the soil-forming materials. The idea is also in harmony with 
geological evidence. In the second stratum we find the calcium concentration 
about the same as in the surface, or slightly less, while an increase in magnesium 
oceurs in the second stratum and becomes very pronounced in the lower. 

This situation may be explained by the fact that as these two elements are 
dissolved from the surface soil, they are carried downward in solution. In the 
downward movement the nature of magnesium causes it to be more rapidly re- 
absorbed by the soil mass than calcium, tending to force the calcium into the 
solution to be carried farther down. Consequently, while magnesium begins to 
accumulate in the middle stratum as well as the lower, the liberated calcium gen- 
erally begins to accumulate in the third or at still greater depths or may be 
washed away entirely. These movements of calcium and magnesium, as indi- 
eated by the analyses of the different strata, constitute one factor in estimating 
the relative maturity of the various soil types. The increasing proportion of 
magnesium to calcium in the lower levels, as compared with the surface soil, 
tends to be more pronounced in more fully developed or mature profiles. Thus 
we see a correlation of this chemical characteristic of the soil with the processes 
of its development. 

Some of the caleium figures, as given in the tables, appear to be very erratic. 
The very large amounts of calcium in some of the types are the result of the 
presence of finely divided native calcium carbonate (limestone) in some or all 
of the samples of such types. Sometimes calcium carbonate is present in the 
surface stratum, and when this is the case it will be found also in the underlying 
layers. An example is the Dune Sand, Upland, which is in sharp contrast to 
the same type as sampled in the terrace, where it is acid to the full depth 
sampled. In the caleareous Dune Sand we have 134,100 pounds of calcium in 
an acre of surface soil, 284,840 pounds in the middle stratum and 528,180 pounds 
in the lower. In the acid areas of Dune Sand the amounts of ealeium in the 
three layers are only 5,180 pounds, 9,120 pounds and 15,720 pounds, respectively. 
Calcium carbonate is readily soluble in the soil water and as it is removed by 
leaching it disappears from the surface soil first. Thus soils are frequently en- 
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countered which contain calcium carbonate in the deeper levels even tho the 
surface soil is acid. This is the case in Yellow Silt Loam. Here the surface 
soil is acid, yet it contains 13,800 pounds of total calcium. The second stratum 
still contains some of its calcium carbonate and therefore has not yet become acid. 
The calcium content is 89,880 pounds. The lower stratum is still heavily charged 
with calcium carbonate and contains 249,480 pounds of calcium in 6 million 
pounds of soil, which after converting to the 2 million pound basis for comparison 
with the surface stratum is found to be more than six times as concentrated. 

Some increase in total magnesium ordinarily accompanies the high calcium 
of the earbonate-containing soils. The increases are not great, however, because 
of the inability of magnesium to persist in the soil in the form of carbonate. 
The carbonate of carbonate-containing soils is chiefly that of calcium. 


Local Tests for Soil Acidity Often Required 


It is impracticable to attempt to obtain an average quantitative measure 
of the calcium carbonate or acidity present in a given soil type because, while 
some samples may contain large amounts of calcium carbonate, others may con- 
tain none, or may actually have a lime-requirement due to soil acidity. We 
thus have what might be considered positive and negative values ranging, per- 
haps widely, on the opposite sides of the zero or neutral point, the numerical 
average of which could have no significance whatever, since such an average 
would not necessarily even approach the condition actually existing in a given 
farm or field. It is for this reason that the tables contain no figures purporting 
to represent either the lime requirement or the limestone present in the different 
soil types. 

The qualitative field tests made in the process of the soil survey are much 
more numerous than the chemical analyses made in the laboratory, and do give 
a general idea of the predominating condition in the various types as to acidity 
or alkalinity. These tests, therefore, furnish the basis for some general recom- 
mendations, which are given in the descriptions of individual types on pages 15 
to 24. To have a sound basis for the application of limestone the owner or op- 
erator of a farm must in many eases determine individually the lime require- 
ments of his different fields. The section in the Appendix dealing with the ap- 
plication of limestone (page 33) is pertinent and should be read in this 
connection. 


Supplies of Different Elements Not Proportional to Crop Removal 

In the foregoing discussion we have considered mainly the amounts of the 
plant-food elements in the surface 624 inches of soil, and rather briefly the 
relative amounts in the two lower strata. We have noted that some of the ele- 
ments of plant-food exhibit no consistent change in amount with increasing 
depth. Other elements show more or less marked variation at the different 
levels, the trend of these variations serving in some cases as clues to the relative 

maturity of different types and the processes involved in their development. 
By adding together the figures for all three strata, as given in Tables 2, 3, 
and 4, we have an approximate invoice of the total plant-food elements within 
the feeding range of most of our field crops, since the major portion of their 
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TABLE 2.—MORGAN COUNTY SOILS: Puiant-Foop ELEMENTS IN UppER SAMPLING 
Srratoum, Asout 0 To 624 INCHES 


Average pounds per acre in 2 million pounds of soil 


Soil : Total | Total | Total Total | Total 
type Soil type organic | nitro- | phos- Bee potas- |magne- Rae 
No. carbon | gen |phorus sium | sium 
Upland Prairie Soils (200, 400) 
#26 \ | Brown Silt Loam............ 59 310| 4 770| 970] 810] 19 740] 7 a 10 120 
720) | Black Clay Loam............ 71 400] 6 190] 1 480] 1 110) 18 070| 11 760! 17 930 
Get Black Silt Loam On Clay..... 69 020] 5 070| 990] —_760| 18 000| 8 300} 20 910 
7 Brown-Gray Silt Loam On 
ight; Olaylamwere reese aer. 30 490} 2 700) 680 (2) | 85 530} 5 320} 8 630 
Upland Timber Soils (400, 800) 
434 Yellow-Gray Silt Loam....... 31 690| 3 100} 750} 570] 21 200| 5 470] 7 050 
435 Viellow Silt banties aera: 21 740} 1 880) 1 140} 360} 23 300} 5 880} 13 800 
874 Yellow-Gray Fine Sandy Loam] 21 640] 2 220) 540) 120) 20 220) 4 040} 10 220 
875 Yellow Fine Sandy Loam..... 18 160} 1 940} 1 240 440| 23 380} 7 920) 16 600 
881 Dune: Sand; some betes ee 36 660] 3 680} 920} 640} 16 500} 59 980/134 100 
Terrace Soils (1500) 

1534 Yellow-Gray Silt Loam? .) 2).4.°.|Seicc coe | seine esl eres: «een loner | een | Re ey gee sees 
1581 Dime: Sand} eae eee 16 240] 1 220) 580 al 11 580} 1 760} 5 180 
Swamp and Bottom-Land Soils (1400) 

1426 iBrownisilt osm enn aeee 47 540] 3 360] 1 660} 660] 21 280) 8 300| 17 800 
1420 Black Clay Loam............}| 51 380} 4 500} 1 240 800) 18 220} 7 880) 22 120 
1420.1 | Sandy Black Clay Loam..... 50 280} 4 340) 1 300 680} 18 820] 5 780} 14 420 
1415 Drab: Clayatee uae oe Sete eee 47 920} 4 260) 1 660 980) 21 960} 8 320) 11 960 
1460 Brown Sandy Loam.......... 20 360] 1 640) 800} 340) 17 560} 2 820) 5 600 
1471 Brown Fine Sandy Loam.....| 43 880] 3 400} 1 600} 540) 21 300) 5 680} 10 560 

1479 Yellowish Brown Fine Sandy 
OPN eer Shun E\onctovin oer cNa aT 28 700} 2 320) 1 100} 720} 21 700) 4 320) 6 060 
1454 Mixed Loam’, «4 c:xs <0 6s area| oie e ove oe | se co:ate ol ove ore ore | are) evele |/eleie eee ay Cerne mane eee a 
1428 Brown-Gray Silt Loam On 
ight Clavie sae eer eee 37 980} 3 360} 880} 360} 22 740} 4 820) 10 020 
1468 Brown-Gray Sandy Loam On 
ANT AN ONE oS Meaens ong 54 920} 5 720) 1 420 700} 21 040) 9 100) 18 700 
1401 Deep Peat®. oo. ccc ccc creas + aflewlc tue'e oles bis occ |e wists tos [tous e a. [le cee een 


LIMESTONE and SOIL ACIDITY.—In connection with these tabulated data, it should be 
explained that the figures for limestone content and soil acidity are omitted not because of any 
lack of importance of these factors, but rather because of the peculiar difficulty of presenting in 
the form of general numerical averages reliable information concerning the limestone require- 
ment for a given soil type. A general statement, however, will be found concerning the lime 
requirement of the respective soil types in connection with the discussions which follow. 


‘Samples from an adjoining county were used in these averages. *Sulfur analysis not avail- 
able. *See data for soil type No. 434. 4On account of the heterogeneous character of Mixed Loam, 
chemical analyses are not included for this type. *This type was not sampled. 


feeding range is included in the upper 40 inches. One of the most striking 
facts brought out of this consideration of the data is the great variation within 
a given soil type in the relative abundance of the various elements present as 
compared with the amounts removed by crops. In one of the important types 
in the county, Brown Silt Loam, Upland, we find that the total quantity of 
nitrogen in all three strata is 18,070 pounds. This is about the amount of 
nitrogen contained in the same number of bushels of corn. The amount of 
phosphorus is a little over one-fourth as much, or 4,760 pounds, but this amount 
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TasLE 3.—MORGAN COUNTY SOILS: Pruant-Foop ELements In MippiEe SamMpuina 
Stratum, Asout 624 To 20 INCHES 


Average pounds per acre in 4 million pounds of soil 


Soil Total | Total} Total | Total | Total | Total | Total 
type Soil type organic | nitro- | phos- | sulfur | potas- |magne-| calcium 
No. carbon | gen |phorus sium | sium 
Upland Prairie Soils (200, 400) 
226\ | Brown Silt Loam............ 90 910| 7 720] 1 670| 1 480] 38 910! 18 250| 26 590 
me Black Clay Loam............ 99 430] 8 560| 2 590] 1 840] 36 110) 22 670| 36 130 
ist Black Silt Loam On Clay.....| 91 020] 6 860] 1 740] 1 380} 35 440| 18 900! 30 200 
rot Brown-Gray Silt Loam On 
1 oD 31 680| 2 760/ 1 120| (2) | 70 660) 15 180| 16 880 
Upland Timber Soils (400, 800) 
434 | Yellow-Gray Silt Loam*......| 39 510] 4 200] 1 390| _850/ 42 040] 15 040| 12 920 
435) |\-Yellow Silt Loam............ 18 160| 1 680] 2 360| 440] 44 080! 50 720] 89 880 
874 | Yellow-Gray Fine Sandy Loam| 28 080| 3 000/ 800/160] 41 360| 15 800| 17 320 
875 | Yellow Fine Sandy Loam..... 18 520| 2 200| 2 400| 160] 46 960] 23 680| 48 040 
Pere DuveSand................. 53 120] 5 120] 1 480] 1 280] 33 160| 52 920/284 840 


1534 NellonAGraye Slt WOM: . 5.1 silk ea dinseliaaasd als clerediclstre senile Sey s| tee ae 


1581 PRIMER SANG o-oo aie Lie ee 19 200} 1 040} 1 160] 280] 23 000] 4 520) 9 120 
Swamp and Bottom-Land Soils (1400) 

1426 Brown Silt Loam............ 69 920] 4 360} 2 640} 600} 42 360} 13 920) 24 360 
1420 BlackrGlay LOAM: 0... 0 <% ss 72 040} 5 840} 1 960) 1 200} 37 280} 18 440} 32 200 
1420.1 | Sandy Black Clay Loam......| 69 560} 6 120) 2 240) 1 000) 38 240) 19 320) 31 760 
1415 [Dilly O1Ey 7s Ae 84 560] 7 840) 3 400} 1 560) 43 640) 18 280) 31 640 
1460 Brown Sandy Loam.......... 38 880} 3 600} 1 320} 400} 37 440) 6 640} 6 720 
1471 Brown Fine Sandy Loam.....| 82 280} 6 520] 3 240} 1 000) 43 680} 9 600] 17 040 
1479 Yellowish Brown Fine Sandy 

CATER le sa2\/s sdetails, exe 4 2 57 320] 4 720} 2 280) 1 000) 43 680) 5 400} 13 920 


1454 diene CMe CIELES PEE NSPS TTT eye L Nac «siecle n 2 o's] Geet veytel|edecegsacie leo es sey el gna tee cletacuer ars 
1428 Brown-Gray Silt Loam On 


PUIG OLA Vy... oo .od soc aie): 42 080} 3 160} 920} 200) 44 120] 10 560} 16 800 
1468 Brown-Gray Sandy Loam On 
ANIGINY (OIE ae ae ieee Ae 52 760| 4 880) 2 600} 400} 40 560) 15 160) 39 840 


1401 LABELER lal aged PEA rere aI af [eek JER NEY Cnt eI es ke 
LIMESTONE and SOIL ACIDITY.—See note in Table 2. 


‘Samples from an adjoining county were used in these averages. "Sulfur analyses not avail- 
able. %See data for soil type No. 434. 4On account of the heterogeneous character of Mixed 
Loam, chemical analyses are not included for this type. ®This type was not sampled. 


is equivalent to the phosphorus in about 50 percent more corn, namely, 28,000 
bushels. In the surface stratum, however, which is the zone of most intensive 
crop feeding, we find the relative amounts of nitrogen and phosphorus more 
nearly in accord with the rate of removal of these elements by crops. Here the 
nitrogen is equivalent to 4,770 bushels of corn, and the phosphorus to 5,700 
bushels. 

Other types show marked contrast to the Brown Silt Loam, just discussed, 
with respect to total supply in relation to rate of removal by crops. However, 
in most soils except those which are peaty, phosphorus is more abundant than 
nitrogen when considered in terms of crop equivalents rather than the actual 
number of pounds per acre of the respective elements. 
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Tasie 4.—MORGAN COUNTY SOILS: Puant-Foop ELEMENTS IN LowER SAMPLING 
Strata, ABout 20 To 40 INcHES 


Average pounds per acre in 6 million pounds of soil 


Soil : Total | Total | Total Total |, Total 

type Soil type organic | nitro- | phos- ce potas- |magne- ee. 

No. carbon | gen {phorus sium | sium 

Upland Prairie Soils (200, 400) 

von Brown Silt Loam............ 58 860| 5 580| 2 120] 1 280| 61 120| 31 720| 33 100 
ea Black Clay Loam...........- 54 750| 4 580| 3 060] 1 220| 55 060] 39 860) 69 180 
fea} Black Silt Loam On Clay.....| 47 220] 4 140] 2 640] 1 440] 54 000| 35 340] 46 230 
228 Brown-Gray Silt Loam On 

428 Tight Clay’. BINGE, Greys Dea: 37 110] 3 720} 2 490 (2) | 97 650} 36 810} 33 000 

Upland Timber Soils (400, 800) 
434 Yellow-Gray Silt Loam....... 37 980| 3 960] 2 600) 1 300] 63 320) 30 020] 17 300 
435 Yellow: Silf Loanines. santana 21 000} 1 320) 3 660 240] 61 800/127 380)249 480 
874 Yellow-Gray Fine Sandy Loam| 35 280} 3 960) 1 920 300] 61 020} 48 000) 57 900 
875 Yellow Fine Sandy Loam..... 26 640] 1 500) 3 120) 240) 71 940} 29 100) 60 660 
881 Dune Sand ss seace eben 28 200] 4 020} 2 340] 1 260) 46 200] 31 680)528 180 
Terrace Soils (1500) 
1534 Yellow-Gray Silt Loam®, . o.oo) sic cca oe eialllote © a ete |e oo 2 re lene nee ee 
1581 Dune Sand ay.-tiete ae eee 18 600} 2 520} 1 560 180} 34 500 |4 800} 15 720 
Swamp and Bottom-Land Soils (1400) 
1426 Brown Silt Loam............ 59 220).3 060} 3 840 720| 62 160| 22 440] 34 320 
1420 Black Clay Loam.. .....}| 57 300} 4 500} 2 340} 1 320) 60 720} 32 520) 42 300 
1420.1 | Sandy Black Clay Loam sees 59 220} 5 460) 2 520 720| 56 580} 30 540} 46 920 
1415 Drab: Olayie ears. be tee 95 340) 9 420) 4 440) 1 620) 65 640} 26 160) 45 360 
1460 Brown Sandy Loam. . ...| 43 080] 3 720) 1 800| 1 080) 56 520} 14 460) 11 520 
1471 Brown Fine Sandy Loam.. 71 460) 5 580} 4 440) 900) 68 580} 17 700} 39 240 
1479 Yellowish Brown Fine Sandy 
CE cori eam EC eas che 8 960] 5 580] 3 240) 1 680} 66 060) 29 760) 56 700 

1454 Mixed Loam... 2... eee 0e cals noeeeale ce eee) cae pare | cise | stems tenants Sait 
1428 Brown-Gray Silt Loam On 


Tight lay icc amie 42 480] 3 000) 3 600} 240) 64 500} 19 380} 24 960 
1468 Brown-Gray Sandy Loam On 

Tight Clay 
1401 Deep Peate ss... ccc ce cece ove oi | eis ope ole ciliers v0.0 |'ecouere n 6:| cislauotens [leestens eet tana ae mnnnan 


LIMESTONE and SOIL ACIDITY.—See note in Table 2. 


1Samples from an adjoining county were used in these averages. Sulfur analysis not avail- 
able. ‘See data for soil type No. 434. ‘On account of the heterogeneous character of Mixed 
Loam, chemical analyses are not included for this type. ®This type was not sampled. 


The 120,000 pounds of potassium present in Brown Silt Loam is equivalent 
to the amount of this element which is contained in over a half million bushels 
of corn. 


Practical Value and Limitations of Soil Analyses 


The foregoing discussion should not be taken to mean that it is possible to 
predict how long any certain soil could be cropped under a given system before 
it would become exhausted. Nor do the figures alone indicate the immediate 
procedure to be followed in the improvement of a soil. It must be kept in mind 
that the amount of plant-food shown to be present is not the sole measure of the 
ability of a soil to produce crops. The rate at which these elements are lib- 
erated from insoluble forms and converted to forms that can be used by growing 
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plants is a matter of at least equal importance (as explained on page 31), and 
is not necessarily proportional to the total stocks present. One must know, 
therefore, how to cope with the peculiarities of a given soil type, if he is to secure 
the full benefit from its stores of the plant-food elements. In addition there 
are always economic factors that must be taken into consideration, since it is 
necessary for one to decide at how high a level of productive capacity he ean best 
afford to maintain his soil. 

The chemical soil analysis made in connection with the soil survey is seen 
to be of value chiefly in two ways. In the first place it reveals at once outstand- 
ing deficiencies or other chemical characteristics which alone would affect its 
productivity to a marked extent, or point the way to corrective measures. It 
should be borne in mind, however, that fairly wide departures from the usual 
are necessary before the chemical analysis alone can be followed as a guide in 
practice without supplementary information from other sources. As examples 
of the direct use of the results of chemical investigations may be mentioned the 
following cases: the marked shortage of potassium in peat soils associated 
with the need for potassium fertilizers, and the determination of the lime need 
of soils by chemical tests. It is quite probable that the results of chemical soil 
analyses are frequently misused by attempting to interpret small differences in 
the amount of a certain plant-food element as indicative of similar differences 
in the fertilizer need. For example, differences of 100 or 200 pounds of 
phosphorus per acre in soils containing 1,000 pounds or thereabout should not 
be considered as of any agricultural significance. Again, the addition of 100 
pounds of active nitrogen made by plowing down a clover crop may be of more 
importance to the succeeding crop than a difference in soil composition of 1,000 
pounds of nitrogen. 

The second function of soil analysis is to aid in the scientific study of soils 
from many angles, the ultimate aim of which is, of course, the more economical 
utilization of the soil for efficient crop production. Not only do chemical studies 
aid in determining the processes involved in soil development under natural con- 
ditions, but also in determining the effects of different soil management and 
fertilizing practices upon the soil and upon the utilization by crops of the plant- 
food elements involved. 


DESCRIPTION OF SOIL TYPES 


UPLAND PRAIRIE SOILS 


The upland prairie soils of Morgan county occupy 238.30 square miles, or 
somewhat less than half the upland area of the county. These soils are uni- 
formly dark in color. There is, however, considerable difference in the color, 
not only of the various types, but within types, particularly in the case of Brown 
Silt Loam. The dark color of the prairie soils is due to an accumulation of 
organic matter from the fibrous roots of the prairie grasses that grew on this 


land for centuries. A covering of fine soil and a mat of vegetative material by 


partially excluding the oxygen protected these roots from rapid and complete 
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decay. From time to time the mat of old grass stems and leaves was partially 
destroyed by prairie fires and decay, but it was constantly being renewed, and 
while it added but little organic matter to the soil directly, it served to retard 
the decay. \ 

The upland prairie soils in this county include some areas of recent timber 
growth, where certain kinds of trees have spread over the prairie, but this for- 
estation has not been of sufficient duration to produce the characteristic timber 
soils. These areas of greater or less width are found along the border of most 
timber tracts and also on the morainal ridges near Jacksonville. 


Brown Silt Loam (226, 426) 

Brown Silt Loam, as mapped in Morgan county, occupies 162.76 square 
miles. It varies ii character depending on topography, and would now be sep- 
arated into at least three types. Each of these differs from the other in character 
of soil profile, in agricultural value, and in treatment and fertilizer requirements. 
In the following discussion these types, even tho not shown on the map, are de- 


scribed in such a way that it should not be difficult to recognize each one in 
the field. 


1. Light Brown Silt Loam. This prairie type occurs on areas where the 
surface drainage is good or even excessive. It has a light brown or even yellowish 
brown surface, or A, horizon. Below the surface horizon, which is usually about 
7 inches thick, the material is distinctly yellowish brown and is very friable and 
permeable. The subsoil, or B horizon, is not easily distinguished because of the 
absence of much clay accumulation and its consequent friability. It differs, 
however, from the subsurface, or A, horizon, immediately above it in being 
somewhat less friable, finer in texture, and slightly reddish yellow in color. 
Other differences, which need not be described here, also help in distinguishing 
it. Immediately below this subsoil layer, usually at a depth of about 36 inches, 
the material is very friable and permeable again and is more of a pale yellow in 
color. The outstanding feature which characterizes this type, as contrasted to 
the other two about to be described, is its permeability thruout the entire section. 
This characteristic, together with its topographic position, gives it perfect sur- 
face drainage and underdrainage, thus allowing deep root penetration. 

Management.—Care must be exercised in farming this type to prevent 
erosion. Much of the surface material is easily carried off in the form of little- 
noticed sheet erosion. This soil is not high in organic matter, as its color shows, 
and therefore is lower in nitrogen than the darker soils. It is medium acid and 
requires about 3 tons, and in some cases 4 tons, of limestone an acre for alfalfa 
or sweet clover. The best information available on the treatment of this type 
comes from the Mt. Morris and Dixon experiment fields which are located in part 
on Light Brown Silt Loam. The results from these fields show a very marked 
response to manure. Where limestone was applied in addition to manure, a 
further increase was secured which was sufficiently large to pay a good profit on 
the cost of the limestone. Another treatment which has given very good in- 
creases is residues and limestone used in combination. Potash has not inereased 
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the yields sufficiently to justify its use. Rock phosphate has not been effective 
in either the manure or residues systems and its use on this soil cannot be ad- 
vised on the basis of present information. The reader is asked to turn to 
pages 44 and 46 for the summarized yields on the Mt. Morris and Dixon fields. 


2. Brown Silt Loam. This type occupies intermediate topographic posi- 
tions. It occurs neither on the flat areas nor on the very well-drained slopes. 
The surface, or A, horizon, is darker colored and usually thicker than that of the 
preceding type, Light Brown Silt Loam; the yellow color of the subsurface, or 
A, horizon, is not so pronounced; and the subsoil, or B horizon, is heavier, less 
friable, and of a different color. Other differences which are chiefly of technical 
interest may be omitted here. 


Management.—Brown Silt Loam is somewhat less acid than Light Brown 
Silt Loam but requires limestone to grow alfalfa, sweet clover, or the best red 
clover. It was originally well supplied with organic matter and has been subject 
to but little loss of soil material thru erosion. The Kewanee experiment field 
is located, for the most part, on this soil type. A description of the work on this 
field, including the experimental data, will be found on page 48. Unfortunately 
the Kewanee field has several draws crossing the plots, which are a much heavier 
soil, so that the results from the field cannot be applied to Brown Silt Loam with 
as much confidence as would otherwise be the case. It is almost certainly true, 
however, that the presence of the heavier type on the Kewanee field has the 
effect of diminishing the increases due to treatment. This field shows very good 
results for manure on corn and oats, but less effect on wheat. Limestone has 
given profitable increases, particularly in the residues system. Rock phosphate 
has produced a profitable return in the residues system but has failed to pay for 
its cost in the manure system. A comparison of rock and superphosphate (acid 
phosphate) on the Kewanee field, which has been in progress too short a time to 
allow final conclusions, suggests that better results might be secured on this soil 
type with superphosphate than with rock phosphate. The need for some form 
of phosphate is also indicated by the results from the Bloomington field (see 
page 50), which is located in part on this soil type. 

The only conerete suggestion for the fertilization of this soil type which can 
be made at the present time is that if manure is not available one of the phos- 
phates be applied for wheat after taking care of the nitrogen needs by growing 
legumes. 


3. Brown Silt Loam On Clay. This type occupies the nearly level or only 
gently sloping areas of the upland prairie. Its occurrence should not be con- 
fused with the occurrence of the other dark-colored types described below. It is 
characterized by a dark brown surface soil, or A, horizon, which is usually 9 or 10 
inches thick. The subsurface, or A, horizon, is often darker and heavier than the 
surface and breaks into well-defined granules. The subsoil, or B horizon, occurs 
at a depth of about 18 inches and is heavy and fairly plastic. The angular 
granules in the upper portion of this horizon are coated with black and in the 
lower portion with.drab. At a depth of about 38 inches the color becomes gray 
or drab and there are numerous reddish yellow spots present. 
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Management.—This type is either not acid or only slightly so. The sub- 
soil, while more compact and plastic than that of either of the preceding types 
discussed, drains well with tile. The Aledo experiment field is located on Brown 
Silt Loam On Clay, and the results from this field may be used as a guide in the 
treatment of this soil type in Morgan county. Manure has given very good 
returns on this field. Limestone is showing more benefit than it did at first 
and without it sweet clover has failed to grow. It is advisable, however, on this 
soil type to make the test for soil acidity before applying limestone. Especially 
is this important in preparing for alfalfa and sweet clover, for there are portions 
of the type on which these crops will not grow without liming. Rock phosphate 
has not caused increases in yield on the manure plots. On the residues plots 
some increases have followed its use, but with present information as a basis the 
use of this material on this soil cannot be advised at this time. Phosphate com- 
parisons have been in progress on the Aledo field since 1916, and the reader is 
asked to turn to page 54 and make a study of the results there discussed, as an 
aid in solving his phosphate problem on Brown Silt Loam On Clay. 


Black Clay Loam (220, 420) 


Black Clay Loam is well distributed thruout the dark-soil portions of 
Morgan county, occupying, all told, nearly 60 square miles. This type is now 
recognized as made up of two or more types. The several types, however, can- 
not be easily recognized in the field in spite of the fact that soil differences are 
associated with topographie differences. The difference in topography between 
the flat and slightly undulating areas is often so small as to be unnoticed unless 
attention is called to it. No distinction is made on the map, and a generalized 
description only ean be written for the reason noted above. The surface, or A, 
horizon, is black and heavy and is about 9 inches thick. Below this, to a depth 
of 16 to 18 inches, the material is drabbish black and is usually heavier than the 
surface. The subsoil, or B horizon, varies in color, plasticity, and other features, 
depending on which type, as now recognized, is present. In any event it is of 
such nature that it underdrains satisfactorily. 


Management.—The type as mapped varies in lime requirement. The flat. 
nearly level areas will grow good sweet clover without lime, while the slightly 
undulating portions require 1 to 2 tons an acre. Particular attention is called 
to the slight difference in topography, not readily discernible, which is associated 
with this difference in lime requirement. 

Black Clay Loam is a productive soil and needs no treatment other than 
limestone, as above noted, and fresh organic matter to help keep it in good 
physical condition. The reader is asked to turn to page 59, where the results 
and discussion of the Hartsburg experiment field, which is located on this soil 
type, will be found. ; 


Black Silt Loam On Clay (225.1, 425.1) 
Black Silt Loam On Clay occurs thruout the dark-soil portions of Morgan 


county in association with Black Clay Loam. It differs from the latter type 
chiefly in having a silty surface, or A, horizon, as a result of its topographic 
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position, which is such as to subject it to the deposition of sediment. It is a 
highly productive soil when well drained and is somewhat easier to work than 
Black Clay Loam. It occupies a total of nearly 17 square miles in Morgan 
county and is of considerable agricultural importance even tho of relatively 
small total area. 


Management.—The management recommended for this type is the same as 
that described for Black Clay Loam, with the exception that rarely, if ever, is 
limestone needed for good sweet-clover growth. Alkali occurs infrequently on 
this soil. In places where it is sufficiently concentrated to be harmful, the bad 
effects may be overcome by the use of potash and the condition slowly improved 
by good underdrainage. 


Brown-Gray Silt Loam On Tight Clay (228, 428) 

Brown-Gray Silt Loam On Tight Clay, Upland, is of little importance in 
Morgan county because of its small total area. Slightly over 170 acres is all that 
is found and practically all of it occurs in a few small areas in the southeastern 
corner of the county. It is characterized by a grayish-brown surface soil, or A, 
horizon, a gray subsurface, or A, horizon, and a very plastic impervious sub- 
soil, or B horizon. 

Managemenit.—This type requires from 2 to 4 tons of limestone an acre for 
sweet clover, except on spots, of varying size, where lime is present in abundance. 
These spots are locally known as ‘‘slick spots’’ or ‘‘seald spots,’’? and no lime 
should be applied to them without the advice of the farm adviser or the Experi- 
ment Station. Drainage must be taken care of on this soil thru furrows and 
open ditches. Further suggestions for the management of this soil may be had 
from the farm adviser or by correspondence with the Agricultural Experiment 
Station. 


) 


UPLAND TIMBER SOILS 


The upland timber soils in Morgan county exceed in area the upland prairie 
soils. They occur adjacent to the streams, presumably because, with the de- 
velopment of natural drainage, conditions became favorable for tree growth. 
That is to say, forests invaded the prairie as the streams cut their way back by 
headwater erosion and furnished drainage for the intermittent swamps, which 
were common. These soils are yellowish gray in color, indicating a deficiency 
in organic matter. This deficiency results from conditions produced as the 
forests invaded the prairies. The shade of the trees prevented the growth of 
grasses, the roots of which are mainly responsible for the large amount of or- 
ganic matter in the prairie soils, and the trees themselves added very little 
organic matter to the soil, for the leaves and branches either decayed or were 
destroyed by forest fires. 


Yellow-Gray Silt Loam (434) 


Yellow-Gray Silt Loam is the most extensive type in Morgan county, aggre- 
gating a total of about 171 square miles. It is now recognized that the type as 
mapped in Morgan county includes three types each of which is definitely cor- 


] 
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related with topography. No. 1 occurs on flat, practically level areas; No. 2 
on areas of an intermediate or gentle slope; No. 3 on slopes that are very pro- 
nounced but which are not sufficiently steep to be classed with eroded land. 

Type No. 1, which occurs on the nearly level areas has a gray or slightly 
brownish gray surface soil, or A, horizon, an ashy gray or almost white sub- 
surface, or A, horizon, and a subsoil, or B horizon, which is so plastie and com- 
pact as to be only slowly permeable to water. The subsoil is perhaps sufficiently 
impervious to be ealled ‘‘tight clay,’’ but this soil should not be confused with 
the light-colored tight-clay soils which occur farther south in the state. 

Management.—The level areas of Yellow-Gray Silt Loam are strongly acid 

and low in nitrogen and organic matter. The greatest difficulty encountered in 
the improvement of this soil is its poor surface drainage and underdrainage. 
Tile do not draw well because of the nature of the subsoil, and excess water 
must therefore be taken care of by means of open ditches and furrows. This is 
sometimes difficult to accomplish because of the nearly level topography. Sweet 
clover does well on this soil following the application of 3 or 4 tons of limestone 
an acre. Satisfactory corn crops can be grown following sweet clover, except 
during seasons which are climatically unfavorable, and small: grain may be 
grown following the corn. This soil is probably best adapted to hay, but in 
any event limestone must be applied for satisfactory results. 


Type No. 2, constituting the undulating portions of Yellow-Gray Silt 
Loam, is made up of a soil very different from that on the level areas described 
above. The surface, or A, horizon, has a distinctly yellowish cast, the subsurface, 
or A, horizon, is a drabbish gray, never ashy, and the subsoil, or B horizon, is 
not impervious tho it is compact. Surface drainage and underdrainage are both 
eood on this soil. 


Management.—This soil is somewhat less acid than No. 1, but it is nearly as 
deficient in nitrogen and organic matter. Detailed tests should be made to de- 
termine the exact amount of limestone necessary, and following its application 
sweet clover should be grown in preparation for corn and the small grains. No 
information is available from experiment fields as to the treatment of this soil. 
There appears to be no question but that the application of limestone and the 
growing of sweet clover should be the first step in its improvement. Following 
this, it is suggested that superphosphate (acid phosphate) be applied for wheat. 
Rock phosphate may be used instead of superphosphate, tho which would be 
the more economical cannot be stated without accurate experimental evidence. 


Type No. 3, on the rolling portions of Yellow-Gray Silt Loam, is much less 
extensive than the undulating type described above. This soil has good under- 
drainage, and the slopes are steep enough to allow such rapid runoff as to be 
harmful unless precautions are taken to control it. The surface soil, or A, hori- 
zon, is shallow, rarely exceeding 6 or 7 inches in depth. It contains less gray and 
more yellow and red material than the more level-lying types. The subsurface, 
or A, horizon, is distinctly gray but frequently is only a very thin layer and is 
never white and ashy. The subsoil, or B horizon, is non-plastie but may be 
compact. It is dull brick red in color on the best drained areas. 


\ 
4) 
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Management.—This soil is deficient in organic matter, is acid, and requires 
careful handling to reduce erosion to the minimum. It is a good fruit soil and 
is well adapted to alfalfa following the application of limestone. The amount 
of limestone needed varies, but probably is never less than 2 tons an acre for 
sweet-clover or alfalfa. Detailed tests should be made of each field before 
liming. It is questionable whether any treatment other than the application 
of limestone and the growing of sweet-clover should be attempted on this soil. 


Yellow Silt Loam (435) 


Yellow Silt Loam is extensively developed in Morgan county, occupying a 
total of 80 square miles. Much of it is unsuited to general farming because of 
its steep topography. Erosion is active, and surface, subsurface, and subsoil 
horizons therefore have not usually been developed. However, where there has 
been sufficient protection to greatly retard the rate of erosion, a shallow surface 
soil has formed. 

Management.—Yellow Silt Loam should, for the most part, be used for per- 
manent pasture, orchard, or timber. There are areas having a slope sufficiently 
gentle to be farmed successfully if care is taken to reduce erosion to the minimum. 
A very good use to make of the less-steep slopes is to seed alfalfa after applying 
limestone. If the alfalfa is preceded by sweet clover, little difficulty should be 
encountered in getting a stand. See Vienna Field experiments, page 60. 


Yellow-Gray Fine Sandy Loam (874) 


Yellow-Gray Fine Sandy Loam is very similar to Yellow-Gray Silt Loam. 
It differs from the silt loam in that it is somewhat coarser in texture, particularly 
immediately adjacent to the bluffs, it is somewhat less acid, and a smaller pro- 
portion of it is level lying. Both these types are formed from loess, but as the 
loess was blown from the bottom land to the west the coarser particles were de- 
posited first, resulting in material of somewhat coarser texture near the bluff 
line than farther back on the upland. The reader is therefore referred to the 
descriptions of the types mapped as Yellow-Gray Silt Loam (page 19) for 
descriptions of corresponding types mapped as Yellow-Gray Fine Sandy Loam 
and also for management suggestions. 


Yellow Fine Sandy Loam (875) 

Yellow Fine Sandy Loam is formed in the same way as Yellow Silt Loam. 
The two types differ but little except that immediately adjacent to the bluff line, 
where the former is found, the texture of the material is somewhat coarser than 
it is farther to the east. The reader is therefore referred to the discussion of 
Yellow Silt Loam on this page for further information about the character and 
use of this type. 


Dune Sand (881) 


Dune Sand is the coarse-textured material laid down by the wind in dune- 
like formations in certain places adjacent to the bluff line. It is of value for 
little else than pasture or timber and does not produce very good pasture. In 
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places where the topography permits, sweet-clover pasture may be established. 
Care must be used to control both wind and water erosion until the growing 
vegetation acts as a protection. 


TERRACE SOILS 
Yellow-Gray Silt Loam (1534) 


Yellow-Gray Silt Loam, Terrace, occurs in small areas as bench-like forma- 
tions along the small streams in the county. This type is very similar to the 
type described as No. 2 under Yellow-Gray Silt Loam (484), page 20, but differs 
in not having as good surface drainage. The reader is asked to turn to the above 
description and discussion for information regarding this terrace type. 


Dune Sand (1581) 


Dune Sand, Terrace, occurs between the bluffs and the Illinois river. It is 
a recent, wind-deposited formation and is of relatively low agricultural value. 
The surface 5 or 6 inches is very light brown sand, and immediately below this 
thin surface horizon the color becomes yellow or reddish yellow. The texture 
of the material is coarse and there is no subsoil development. 


Management.—Dune Sand, Terrace, is drouthy, low in organic matter and 
nitrogen, and is subject to drifting by the wind where it is not protected by trees 
or other vegetation. It is a good watermelon soil but does not rank very high for 
general farming. The Oquawka experiment field is located on this kind of soil, 
and the reader is asked to turn to the results from this field and their discussion, 
page 62, for suggestions regarding the management of this soil. 


SWAMP AND BOTTOM-LAND SOILS 


This group includes the bottom land along the Illinois river and along the 
ereeks of the county. These bottom lands are made up of soil material deposited 
from running water, and they vary in character with the source of the ma- 
terial deposited, the velocity of the stream flow at the time of the deposition, and 
drainage conditions since the material was deposited. The soils occurring in 
these areas vary in age, as indicated by different degrees of development of the 
horizons of the profiles. Some of the types mapped are of little importance be- 
cause they occupy only a small area or are swampy. 


Brown Silt Loam (1426) 


Brown Silt Loam, Bottom, is mapped only in the Illinois bottom in Morgan 
county. It covers a total area of 3.26 square miles and is a productive type ex- 
cept where poorly drained. Considerable variation occurs in this soil, particu- 
larly in the subsurface and subsoil. The areas which are, or have been, poorly 
drained contain much gray and drab color in these horizons, while the areas 
which have developed under good drainage conditions show little gray or drab 
in the lower horizons. The horizons are imperfectly developed in this type and 
a general type description cannot be written because of the variations in color, 
texture, plasticity of the subsoil, and other features. 
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Management.—Brown Silt Loam, Bottom, is not acid except on the higher 
portions of the type, which are beginning to show a slight acidity. No fertilizer 
treatment is advised for this soil at the present time, but fresh organic matter 
should be provided by growing clover at regular intervals. 


Black Clay Loam (1420) 


Black Clay Loam, Bottom, is found only in the Illinois bottom in Morgan 
county. Drainage has been provided for much of this type by the construction 
of ditches, but the drainage is still poor on some areas. The type occupies a total 
of about 2 square miles. It has a clay loam surface and is drab or gray below 
8 or 10 inches in depth. It is a productive soil, needs no lime, and requires only 
frequent additions of fresh organic matter to insure its continued productivity 
for many years to come. 


Sandy Black Clay Loam (1420.1) 


Sandy Black Clay Loam, Bottom, is of little importance in Morgan county 
because of its limited area. It is similar to the preceding type (1420) except 
that sufficient sand has become mixed with it to give it a sandy clay loam texture. 
This type is alkaline in places where it is so situated as to receive seepage water 
from the adjacent Dune Sand. 


Drab Clay (1415) 


Drab Clay, Bottom, is of little importance in Morgan county because of its 
small extent, less than one-half square mile, and because of its low agricultural 
value. It is poorly drained and no attempt should be made, under present con- 
ditions, to bring it under cultivation. 


Brown Sandy Loam (1460) 


Brown Sandy Loam, Bottom, aggregates a little over 214 square miles in 
Morgan county and is located in the Illinois bottom. Portions of this type are 
swampy and other portions are under cultivation. 

The surface soil of this type is light brown in color, and the lower portions 
of the profile are reddish yellow with little or no horizon development. The tex- 
ture is sandy thruout the profile. 

Management.—There is little encouragement for developing the swampy por- 
tions of the type, but the areas which are well drained may be farmed to ad- 
vantage. Particular attention should be given to plowing down clover, pre- 
ferably sweet clover, applying lime if necessary to grow this crop. 


Brown Fine Sandy Loam (1471) 


Brown Fine Sandy Loam, Bottom, is the most extensive type in the Illinois 
bottom. It covers a total of nearly 6 square miles. This soil is formed from ma- 
terial washed into the bottom from the adjacent bluffs and shows very little hori- 
zon development. The surface is light brown fine sandy loam. At a depth of 
about 7 inches, the color becomes somewhat yellowish and at a depth of about 
20 inches a very imperfectly developed subsoil occurs. The youth of this soil, 
together with the good quality of the material from which it is formed, makes it 
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productive. It is easily worked, very permeable to plant roots, and either not 
acid or only slightly so. 

Management.—Brown Fine Sandy Loam, Bottom, is well adapted to any of 
the general farm crops, and, with good farming, gives excellent yields. Particular 
attention should be given to returning leguminous organic matter to this soil as 
it is relatively low in nitrogen and organic matter. No fertilizer treatment is 
recommended for this soil at the present time. 


Yellowish Brown Fine Sandy Loam (1479) 

Yellowish Brown Fine Sandy Loam, Bottom, is closely related to the pre- 
ceding type, Brown Fine Sandy Loam (1471). It is of the same origin and differs 
from it only in beitg younger, and therefore in having a lighter colored surface 
soil and less development of subsurface and subsoil horizons. It requires the 
same management as Brown Fine Sandy Loam. 


Mixed Loam (1454) 

Mixed Loam is very diverse in character. It is the most extensive bottom- 
land type in Morgan county, aggregating a little over 31 square miles. It occurs, 
for the most part, along the creeks thruout the county. It consists of distinct 
types occurring in such small areas that they cannot be shown on the map and 
consequently they are all grouped together and called Mixed Loam. The texture 
of the surface varies from a sandy loam to a clay loam. The subsurface and 
subsoil vary in the same way as does the surface. 

Management.—The diversity of Mixed Loam ealls for different tillage 
methods where the extremes in the type occur. Some areas are so heavy as to 
require care in working them at the right moisture content, while others are very 
sandy. The type in general is not acid and needs only fresh organic matter and 
intelligent tillage. 


Brown-Gray Silt Loam On Tight Clay (1428) 

Brown-Gray Silt Loam On Tight Clay, Bottom, is of little importance in 
Morgan county. It oceupies only 96 acres and is relatively low in agricultural 
value. It occurs in the Illinois bottom along the Cass county line. This soil 
was developed under conditions which resulted in the formation of a thick, im- 
pervious subsoil. The surface soil is grayish brown silt loam and the subsurface 
is more or less gray. 


Brown-Gray Sandy Loam On Tight Clay (1468) 
Brown-Gray Sandy Loam On Tight Clay is similar in properties and occur- 
rence to Brown-Gray Silt Loam On Tight Clay, but it is somewhat lower in agri- 
cultural value. Only 160 acres oceur in Morgan county. 


Deep Peat (1401) 
Only 13 acres of Deep Peat occur in Morgan county. It may be found on 
the map on the line between Sections 12 and 13, Township 16 North, Range 
13 West. . 


APPENDIX 
EXPLANATIONS FOR INTERPRETING THE SOIL SURVEY 


CLASSIFICATION OF SOILS 


In order to interpret the soil map intelligently, the reader must understand 
something of the method of soil classification upon which the survey is based. 
Without going far into details the following paragraphs are intended to furnish 
a brief explanation of the general plan of classification used. 

The soil type is the unit of classification. Each type has definite character- 
istics upon which its separation from other types is based. These characteristics 
are inherent in the strata, or ‘‘horizons,’’ which constitute the soil profile in all 
mature soils. Among them may be mentioned color, structure, texture, and 
chemical composition. Other items, such as native vegetation (whether timber 
or prairie), topography, and geological origin and formation, may assist in the 
differentiation of types, altho they are not fundamental to it. 

Since some of the terms used in designating the factors which are taken into 
account in establishing soil types are technical in nature, the following definitions 
are introduced : 


Horizon. A layer or stratum of soil which differs discernibly from those adjacent in 
color, texture, structure, chemical composition, or a combination of these characteristics, is 
called an horizon. In describing a matured soil, three horizons designated as A, B, and C 
are usually considered. 

A designates the upper horizon and, as developed under the conditions of a humid, 
temperate climate, represents the layer of extraction or eluviation; that is to say, material in 
solution or in suspension has passed out of this zone thru the processes of weathering. 

B represents the layer of concentration or illuviation; that is, the layer developed as a 
result of the accumulation of material thru the downward movement of water from the A 
horizon. 

C designates the layer lying below the B horizon and in which the material has been 
less affected by the weathering processes. 

Frequently differences within a stratum or zone are discernible, in which case it is sub- 
divided and described under such designations as A, and A,, B, and B,, ete. 

Soil Profile. The soil section as a whole is spoken of as the soil profile. 

Depth and Thickness. The horizons or layers which make up the soil profile vary in 
depth and thickness. These variations are distinguishing features in the separation of soils 
into types. 

Physical Composition. The physical composition, sometimes referred to as ‘‘texture,’’ 
is a most important feature in characterizing a soil. The texture depends upon the relative 
proportions of the following physical constituents: clay, silt, fine sand, sand, gravel, stones, 
and organic material. 

Structure. The term ‘‘structure’’ has reference to the aggregation of particles within 
the soil mass and carries such qualifying terms as open, granular, compact, columnar, laminated. 

Organic-Matter Content. The organic matter of soil is derived largely from plant tissue 
and it exists in a more or less advanced stage of decomposition. Organic matter forms the 
predominating constituent in certain soils of swampy formation. 

Color. Color is determined to a large extent by the proportion of organic matter, but 
at the same time it is modified by the mineral constituents, especially by iron compounds. 

Reaction. The term ‘‘reaction’’ refers to the chemical state of the soil with respect 
to acid or alkaline condition. It also involves the idea of degree, as strongly acid or 
strongly alkaline. 

Carbonate Content. The carbonate content has reference to the calcium carbonate 
(limestone) present, which in some cases may be associated with magnesium or other car- 
bonates. The depth at which carbonates are found may become a very important factor 
in determining the soil type. 

Topography. Topography has reference to the lay of the land, as level, rolling, hilly, ete. 
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Native Vegetation. The vegetation or plant growth before being disturbed by man, 
as prairie grasses and forest trees, is a feature frequently recognized in differentiating 
soil types. 


Geological Origin. Geological origin involves the idea of character of rock materials 
composing the soil as well as the method of formation of the soil material. 


Not infrequently areas are encountered in which type characters are not 
distinctly deyeloped or in which they show considerable variation. When these 
variations are considered to have sufficient significance, type separations are made 
wherever the areas involved are sufficiently large. Because of the almost infinite 
variability occurring in soils, one of the exacting tasks of the soil surveyor is to 
determine the degree of variation which is allowable for any given type. 

Classifying Soil Types—In the system of classification used, the types fall 
first into four general groups based upon their geological relationships; namely, 
upland, terrace, swamp and bottom land, and residual. These groups may be 
subdivided into prairie soils and timber soils, altho as a matter of fact this sub- 
division is applied in the main only to the upland group. These terms are all 
explained in the foregoing part of this report in connection with the description 
of the particular soil types. 


Naming and Numbering Soil Types.—In the Illinois soil survey a system of 
nomenclature is used which is intended to make the type name convey some idea 
of the nature of the soil. Thus the name ‘‘Yellow-Gray Silt Loam’’ carries in 
itself, a more or less definite description of the type. It should not be assumed, 
however, that this system of nomenclature makes it possible to devise type names 
which are adequately descriptive, because the profile of mature soils is usually 
made up of three or more horizons and it is impossible to describe each horizon 
in the type name. The color and texture of the surface soil are usually included 
in the type name and when material such as sand, gravel, or rock lies at a depth 
of less than 30 inches, the fact is indicated by the word ‘‘On,’’ and when its 
depth exceeds 30 inches, by the word ‘‘Over’’; for example, Brown Silt Loam On 
Gravel and Brown Silt Loam Over Gravel. 

As a further step in systematizing the listing of the soils of Illinois, recog- 
nition is given to the location of the types with respect to the geological areas 
in which they oeeur. According to a geological survey made many years ago, 
the state has been divided into seventeen areas with respect to geological forma- 
tion and, for the purposes of the soil survey, each of these areas has been assigned 
an index number. The names of the areas together with their general location 
and their respective index numbers are given in the following list. 


000 Residual, soils formed in place thru disintegration of rocks, and also rock outcrop 

100 Unglaciated, including three areas, the largest being in the south end of the state 

200 Illinoian moraines, including the moraines of the Illinoian glaciations 

300 Lower Illinoian glaciation, formerly considered as covering nearly the south third of the 
state 


400 Middle Illinoian glaciation, covering about a dozen counties in the west-central part of 
the state 


500 Upper Illinoian glaciation, covering about fourteen counties northwest of the middle 
Tllinoian glaciation 

600 Pre-Iowan glaciation, but now believed to be part of the upper Illinoian 

700 Iowan glaciation, lying in the central northern end of the state 

800 Deep loess areas, including a zone a few miles wide along the Wabash, linois, and 
Mississippi rivers . 


900 Early Wisconsin moraines, including the moraines of the early Wisconsin glaciation 
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1000 Late Wisconsin moraines, including the moraines of the late Wisconsin glaciation 

1100 Early Wisconsin glaciation, covering the greater part of the northeast quarter of the 
state 

1200 Late Wisconsin glaciation, lying in the northeast corner of the state 

1300 Old rwer-bottom and swamp lands, formed by material derived from the Ticats or 


older glaciations 
1400 Late riwer-bottom and swamp lands, formed by material derived from the Wisconsin and 


Iowan glaciations 
1500 Terraces, bench or second bottom lands, and gravel outwash plains 
1600 Lacustrine deposits, formed by Lake Chicago, the enlarged glacial Lake Michigan 


Further information regarding these geological areas is given in connection 
with the general map mentioned above and published in Bulletin 123 (1908). 

Another set of index numbers is assigned to the classes of soils as based 
upon physical composition. The following list contains the names of these classes 
with their corresponding index numbers. 


Index Number Limits Class Names 
CINUOMMEO Ptetexcks¥otals io.) aiayeselaie ala ter aialssis teh sistiele Peats 
UG Wi) ia digeinta ctono.6 Ad OOO CIC DEeIa CHOI c Peaty loams 
SMO WIL Liar sherteeve\ensis sioiisis cree (el eféis'(elare, sean ieey ¢ Mucks 
1? Sift) UD, casero QOe OD Die OC OCR OEE OOD Ore Clays 
EMMA: Aah eceiioia accierstaiaudy sierefacsisi eels a9 13) sr0)0s Clay loams 
EAPME OEAO) syalelhel ere loisve¥eroho ere iel'slals siete Sie voicexe! ove Silt loams 
SIOMUOM OV Leash als iouayey claire e/ siete iereiaye)Sis/c\siereveusisie Loams 
ESM BNO aeetel ake ot hasten stots, 6/5, «,@ye cs) slo, ue, ols iarets Sandy loams 
SE OMEOM Ocrobellale ia \eie (olodata te farsicietotoy aishsiehauete cists < Sands 
SRLOMO Lettie tatelstacsiole Shere raielorasetevelela etelelsieiciahs Gravelly loams 
RPEVIRUOIEO pete ox cuslleyeiccaFovr sc) ei obaxvisielals ele) oe evatiels Gravels 
LNCS nero eedevetetareLeteielala:eletstsseverotejoiehe ainrets Stony loams 
Shilo cod cteere POD Dh GOCAG ODOT MOn Rock outerop 


As a convenient means of designating types and their location with respect 
to the geological areas of the state, each type is given a number made up of a 
combination of the index numbers explained above. This number indicates the 
type and the geological area in which it occurs. The geological area is always 
indicated by the digits of the order of hundreds while the remainder of the 
number designates the type. ‘To illustrate: the number 1126 means Brown Silt 
Loam in the early Wisconsin glaciation, 434 means Yellow-Gray Silt Loam of the 
middle Illinoian glaciation. These numbers are especially useful in designating 
very small areas on the map and as a check in reading the colors. 

A complete list of the soil types occurring in each county, along with their 
corresponding type numbers and the area covered by each type, will be found 
in the respective county soil reports in connection with the maps. 


SOIL SURVEY METHODS 
Mapping of Soi Types.—In conducting the soil survey, the county consti- 
tutes the unit of working area. The field work is done by parties of two to four 
men each. The field season extends from early in April to the last of November. 
During the winter months the men are engaged in preparing a copy of the soil 
map to be sent to the lithographer, a copy for the use of the county farm adviser 
until the printed map is available, and a third copy for use in the office in order 

to preserve the original official map in good condition. 
An accurate base map for field use is necessary for soil mapping. These 
maps are prepared on a scale of one inch to the mile, the official data of the 
original or subsequent land survey being used as the basis in their construction. 
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Each surveyor is provided with one of these base 
maps, which he carries with him in the field; and 
the soil type boundaries, together with the streams, 
roads, railroads, canals, town sites,|and rock and 
eravel quarries are placed in their proper location 
upon the map while the mapper is on the area. 
With the rapid development of road improvement 
during the past few years, it is almost inevitable 
that some recently established roads will not 
appear on the published soil map. Similarly, 
changes in other artificial features will oceasion- 
ally occur in the interim between the preparation 
of the map and its publication. The detail or 
minimum size of areas which are shown on the 
map varies somewhat, but in general a soil type 
if less than five acres in extent is not shown. 


Sampling for Analysis.—After all the soil 
types of a county have been located and mapped, 
samples representative of the different types are 
collected for chemical analysis. The samples for 
this purpose are usually taken in three depths; 
namely, 0 to 624 inches, 624 to 20 inches, and 20 
to 40 inches, as explained in connection with the 
discussion of the analytical data on page 6. 


PRINCIPLES OF SOIL FERTILITY 


Probably no agricultural fact is more gener- 

ally known by farmers and landowners than that 

Fic. 5.—Examinine tue Som, soils differ in productive power. A fact of equal 

PROFILE importance, not so generally recognized, is that 

they also differ in other characteristics such as response to fertilizer treatment 
and to management. 

The soil is a dynamic, ever-changing, exceedingly complex substance made 
up of organic and inorganic materials and teeming with life in the form of 
microorganisms. Because of these characteristics, the soil cannot be considered 
as a reservoir into which a given quantity of an element or elements of plant 
food can be poured with the assurance that it will respond with a given increase 
in crop yield. In a similar manner it cannot be expected to respond with per- 
fect uniformity to a given set of management standards. To be productive a 
soil must be in such condition physically with respect to structure and moisture as 
to encourage root development; and in such condition chemically that injurious 
substances are not present in harmful amounts, that a sufficient supply of the 
elements of plant food become available or usable during the growing season, 
and that lime materials are present in sufficient abundance favorable for the 
erowth of the higher plants and of the beneficial microorganisms. ‘Good soil 
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management under humid conditions involves the adoption of those tillage, crop- 
ping, and fertilizer treatment methods which will result in profitable and per- 
manent crop production on the soil type concerned. 

The following paragraphs are intended to state in a brief way some of the 
principles of soil management and treatment which are fundamental to profitable 
and continued productivity. 


CROP REQUIREMENTS WITH RESPECT TO PLANT-FOOD MATERIALS 

Ten of the chemical elements are known to be essential for the growth of 
the higher plants. These are carbon, hydrogen, oxygen, mtrogen, phosphorus, 
sulfur, potassium, calcium, magnesium, and iron. Other elements are absorbed 


-——— 


All but K 


Fig. 6.—ALL ESSENTIAL PLANT-Foop ELEMENTS Must BE PRESENT 


The jars in which these corn plants are growing contain pure sand to 
which have been added various combinations of the essential plant-food 
elements. If a single one of these elements is omitted, the plants cannot 
develop; they die after the small supply stored in the seed becomes 
exhausted. 


from the soil by growing plants, including manganese, silicon, sodium, aluminum, 
ehlorin, and boron. It is probable that these latter elements are present in 
plants for the most part, not because they are required, but because they are 
dissolved in the soil water and the plant has no means of preventing their 
entrance. There is some evidence, however, which indicates that certain of these 
elements, notably manganese, silicon, and boron, may be either essential but 
required in only minute quantities, or very beneficial to plant growth under 
certain conditions, even tho not essential. Thus, for example, manganese has 
produced marked increases in crop yields on heavily limed soils. Sodium also 
has been found capable of partially replacing potassium in case of a shortage 
of the latter element. 

Table 5 shows the requirements of some of our most common field crops with 
respect to seven important plant-food elements furnished by the soil. The 
figures show the weight in pounds of the various elements contained in a bushel 
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TaBLE 5.—PLANT-Foop ELEMENTS IN COMMON Farm Crops! 


Produce 
Nitrogen! Phos- | gulfur | Potas- Magne-|Caleium| Iron 
Kind Amounk phorus sium sium 

lbs. lbs. lbs. lbs. lbs. lbs. lbs. 
Wheat, grain...... 1 bu. 1.42 .24 al) .26 .08 .02 -O1 
Wheat straw......| 1 ton 10.00 1.60 2.80 18.00 1.60 3.80 . 60 
Corny eTain. 0s 22% 1 bu. 1.00 ail .08 .19 .07 -O1 .O1 
Gornistover>. +... s)0 1 ton 16.00 2.00 2.42 iV fess 3.00 7.00 1.60 
Gorn cobs. .....%. 1 ton 400 Vi tren ene 4.00. | ..:: Soee eee 
Oster grain... <0. 1 bu. . 66 rl if .06 .16 .04 .02 -O1 
ORiwindtwe tae ses 1 ton 12.40 2.00 4.14 | 20.80 2.80 6.00 phan iy 
Clover seed....... 1 bu. eee | DO Ub etic HIS 2 204 eee 
Clover hay....... 1 ton 40.00 5.00 3.28 | 30.00 7.75 | 29.25 1.00 
Soybean seed. .... 1 bu. Saar .39 PH; 1.26 15 ee 
Soybean hay......| 1 ton 43.40 4.74 5.18] 35-48 13:84 "|" 27S SBM Sas oe 
Alfalfa hay....... 1 ton 52.08 4.76 5.96 16.64 8.00 DEON a, 3.555 


1These data are brought together from various sources. Some allowance must be made for 
the exactness of the figures because samples representing the same kind of crop or the same kind 
of material frequently exhibit considerable variation. 
or in a ton, as the case may be. From these data the amount of an element re- 
moved from an acre of land by a crop of a given yield can easily be computed. 


PLANT-FOOD SUPPLY 

Of the elements of plant food, three (carbon, oxygen, and oe a are 
secured from air and water, and the others from the soil. Nitrogen, one of the 
elements obtained from the soil by all plants, may also be secured from the air 
by the class of plants known as legumes, in case the amount liberated from the 
soil is insufficient; but even these plants, which include only the clovers, peas, 
beans, and vetches among our common agricultural plants, are dependent upon 
the soil for the other six elements (phosphorus, potassium, magnesium, calcium, 
iron, and sulfur), and they also utilize the soil nitrogen so far as it becomes 
soluble and available during their period of growth. 

The vast difference with respect to the supply of these essential plant-food 
elements in different soils is well brought out in the data of the Illinois soil 
survey. For example, it has been found that the nitrogen in the surface 624 
inches, which represents the plowed stratum, varies in amount from 180 pounds 
per acre to more than 35,000 pounds. In like manner the phosphorus content 
varies from about 320 to 4,900 pounds, and the potassium ranges from 1,530 to 
about 58,000 pounds. Similar variations are found in all of the other essential 
plant-food elements of the soil. 

With these facts in mind it is easy to understand how a deficiency of one 
of these elements of plant food may become a limiting factor of crop production. 
When an element becomes so reduced in quantity as to become a limiting factor 
of production, then we must look for some outside source of supply. Table 6 
is presented for the purpose of furnishing information regarding the quantity 
of some of the more important plant-food elements contained i in materials most 
commonly used as sources of supply. 
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TaBLE 6.—PxLant-Foop ELmmMEents In MANnurgE, RovucH Freps, anpD FERTILIZERS! 


5 Pounds of plant food per ton 
Material of material 
Nitrogen Phosphorus Potassium 
ORES MM AMAUUGIVAINITO tee ino wie se os ed weiss cee ve 10 2 8 
(ChysR GWOT, 5. 8.6 60.0 DORE eee 16 17 
(EES SIME EES oc oc pietolc.r AIS Lenne 12 2 21 
RAE cr fees Stcel h Eg ce aes! Lan exlelal Gee. '9 0) oe aise) de 10 2 18 
(CHONDA Poa + 5.6.5 cide ace 40 5 30 
(CWaCR) UECLT Yoo cote 8 0 ORES Aina nee 43 5 33 
IMMUNE, [WERE on oct: iN OO eee 50 4 24 
Sweet clover (water-free basis)?................. 80 8 28 
IDseKee! [eleva c os 6 ae rene eee 74310 Rew terrae mah WMO to 
SS OCH I MMETIDT BOE TORN, et cuche vos ais'Guele éenciae eee olawe SLO wt eS Pe es a Mele te 
Neahanvorebieihys 1G BOON Ab mn RR er Callie arn tees 
leita, lool BD 80 ESO? rhe eee 
Hee ENee! lovevays: CoG 20 25 (me fle hee ae 
NVANAROPRAPUOSDUSUC, @ fils. . cc scscasscvssavseus|  esvue DOOPe! wilh? Pee 
ENGL MORO OAC OME DIT LY ieieds ny aa antveaqe eee ewse dl) wees 15a) Mh Me Rann 
EO He omCRO LON MeN ety. oj keke ees andseeasl wade. l= Weetes 850 
Ele aC ROU COMME ier a ds cava bvelecdsnvee ore desl) l weeae Po ablene 850 
IPS isda cctiee ccaleceacee|, wevne | sciag eis 200 
Wroodseshes? (inleached) ii... .. 6.5 ec eee eee ecc| viene 10 100 


1See footnote to Table 5. 
“Young second-year growth ready to plow under as green manure. 
’Wood ashes also contain about 1,000 pounds of lime (calcium carbonate) per ton. 


LIBERATION OF PLANT FOOD 

The chemical analysis of the soil gives the invoice of plant-food elements 
actually present in the soil strata sampled and analyzed, but the rate of libera- 
tion is governed by many factors, some of which may be controlled by the farmer, 
while others are largely beyond his control. Chief among the important con- 
trollable factors which influence the liberation of plant food are the choice of 
crops to be grown, the use of limestone, and the incorporation of organic matter. 
Tillage, especially plowing, also has a considerable effect in this connection. 

Feeding Power of Plants.—Different species of plants exhibit a very great 
diversity in their ability to obtain plant food directly from the insoluble minerals 
of the soil. As a class, the legumes—especially such biennial and perennial 
legumes as red clover, sweet clover, and alfalfa—are endowed with unusual 
power to assimilate from mineral sources such elements as caleium and phos- 
phorus, converting them into available forms for the crops that follow. For this 
reason it is especially advantageous to employ such legumes in connection with 
the application of limestone and rock phosphate. Thru their growth and subse- 
quent decay large quantities of the mineral elements are liberated for the benefit 
of the cereal crops which follow in the rotation. Moreover, as an effect of the 
deep-rooting habit of these legumes, mineral plant-food elements are brought up 
and rendered available from the vast reservoirs of the lower subsoil. 

Bffect of Limestone—Limestone corrects the acidity of the soil and supplies 
calcium, thus encouraging the development not only of the nitrogen-gathering 
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bacteria which live in the nodules on the roots of clover, cowpeas, and other 
legumes, but also the nitrifying bacteria, which have power to transform the 
unavailable organic nitrogen into available nitrate nitrogen. At the same time, 
the products of this decomposition have power to dissolve the minerals contained 
in the soil, such as potassium and magnesium compounds. 

Organic Matter and Biological Action.—Organic matter may be supplied 
thru animal manures, consisting of the exereta of animals and usually accom- 
panied by more or less stable litter; and by plant manures, including green- 
manure crops and cover crops plowed under, and also crop residues such as stalks, 
straw, and chaff. The rate of decay of organic matter depends largely upon its 
age, condition, and origin, and it may be hastened by tillage. The chemical 
analysis shows correctly the total organic carbon, which constitutes, as a rule, 
but little more than half the organic matter; so that 20,000 pounds of organic 
carbon in the plowed soil of an acre corresponds to nearly 20 tons of organic 
matter. But this organic matter consists largely of the old organic residues that 
have accumulated during the past centuries because they were resistant to decay, 
and 2 tons of clover or cowpeas plowed under may have greater power to liberate 
plant-food materials than 20 tons of old, inactive organic matter. The history of 
the individual farm or field must be depended upon for information concerning 
recent additions of active organic matter, whether in applications of farm manure, 
in legume crops, or in sods of old pastures. 

The condition of the organic matter of the soil is indicated to some extent 
by the ratio of carbon to nitrogen. Fresh organic matter recently incorporated 
with the soil contains a very much higher proportion of carbon to nitrogen than 
do the old resistant organic residues of the soil. The proportion of carbon to 
nitrogen is higher in the surface soil than in the corresponding subsoil, and in 
general this ratio is wider in highly productive soils well charged with active 
organic matter than in very old, worn soils badly in need of active organic matter. 

The organic matter furnishes food for bacteria, and as it decays certain 
decomposition products are formed, including much ecarbonie acid, some nitrous 
acid, and various organic acids, and these acting upon the soil have the power to 
dissolve the essential mineral plant foods, thus furnishing available phosphates, 
nitrates, and other salts of potassium, magnesium, calcium, ete., for the use of 
the growing crop. 

Effect of Tillage.—Tillage, or cultivation, also hastens the liberation of plant- 
food elements by permitting the air to enter the soil. It should be remembered, 
however, that tillage is wholly destructive, in that it adds nothing whatever to 
the soil, but always leaves it poorer, so far as plant-food materials are concerned. 
Tillage should be practiced so far as is necessary to prepare a suitable seed bed 
for root development and also for the purpose of killing weeds, but more than 
this is unnecessary and unprofitable; and it is much better actually to enrich 
the soil by proper applications of limestone, organic matter, and other fertilizing 
materials, and thus promote soil conditions favorable for vigorous plant growth, 
than to depend upon excessive cultivation to accomplish the same object at the 
expense of the soil:.  - ae ; m 
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PERMANENT SOIL IMPROVEMENT 
According to the kind of soil involved, any comprehensive plan contemplat- 
ing a permanent system of agriculture will need to take into account some of the 
following considerations. 


The Application of Limestone 

The Function of Limestone—In considering the application of limestone 
to land it should be understood that this material functions in several different 
ways, and that a beneficial result may therefore be attributable to quite diverse 
causes. Limestone provides calcium, of which certain crops are strong feeders. 
It corrects acidity of the soil, thus making for some crops a much more favorable 
environment as well as establishing conditions absolutely required for some of 
the beneficial legume bacteria. It accelerates nitrification and nitrogen fixation. 
It promotes sanitation of the soil by inhibiting the growth of certain fungous 
diseases, such as corn-root rot. Experience indicates that it modifies either 
directly or indirectly the physical structure of fine-textured soils, frequently to 
their great improvement. Thus, working in one or more of these different ways, 
limestone often becomes the key to the improvement of worn lands. 


How to Ascertain the Need for Limestone.—One of the most reliable indica- 
tions as to whether a soil needs limestone is the character of the growth of certain 
legumes, particularly sweet clover and alfalfa. These crops do not thrive in 
acid soils. Their suecessful growth, therefore, indicates the lack of sufficient 
acidity in the soil to be harmful. In ease of their failure to grow the soil should 
be tested for acidity as described below. A very valuable test for ascertaining 
the need of a soil for limestone is found in the potassium thiocyanate test for soil 
acidity. It is desirable to make the test for carbonates along with the acidity 
test. Limestone is calcium carbonate, while dolomite is the combined carbonates 
of calcium and magnesium. The natural occurrence of these carbonates in the 
soil is sufficient assurance that no limestone is needed, and the acidity test will 
be negative. On lands which have been treated with limestone, however, the 
surface soil may give a positive test for carbonates, owing to the presence of 
undecomposed pieces of limestone, and at the same time a positive test for acidity 
may be secured. Such a result means either that insufficient limestone has been 
added to neutralize the acidity, or that it has not been in the soil long enough 
to entirely correct the acidity. In making these tests, it is desirable to examine 
samples of soil from different depths, since carbonates may be present, even in 
abundance, below a surface stratum that is acid. Following are the directions 
for making the tests: 


The Potassium Thiocyanate Test for Acidity. This test is made with a 4-percent solu- 
tion of potassium thiocyanate in alcohol—4 grams of potassium thiocyanate in 100 cubic 
centimeters of 95-percent alcohol.t| When a small quantity of soil shaken up in a test tube 
with this solution gives a red color the soil is acid and limestone should be applied. If the 
solution remains colorless the soil is not acid. An excess of water interferes with the reac- 
tion. The sample when tested, therefore, should be at least as dry as when the soil is in 


1Since undenatured alcohol is difficult to obtain, some of the denatured alcohols have 
been tested for making this solution. Completely denatured alcohol. made over U. S. 
Formulas No. 1 and No. 4, have been found satisfactory. Some commercial firms are also 
offering other preparations which are satisfactory. 
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good tillable condition. For a prompt reaction the temperature of the soil and solution 
should be not lower than that of comfortable working conditions (60° to 75° Fahrenheit). 


The Hydrochloric Acid Test for Carbonates. Take a small representative sample of 
soil and pour upon it a few drops of hydrochloric (muriatic) acid, prepared by diluting the 
concentrated acid with an equal volume of water. The presence of limestene or some other 
carbonates will be shown by the appearance of gas bubbles within 2 or 3 minutes, producing 
foaming or effervescence. The absence of carbonates in a soil is not in itself evidence that 
the soil is acid or that limestone should be applied, but it indicates that the confirmatory 
potassium thiocyanate test should be carried out. 


Amounts to Apply.—Acid soils should be treated with limestone whenever 
such application is at all practicable. The initial application varies with the 
degree of acidity and will usually range from 2 to 6 tons an acre. The larger 
amounts will be needed on strongly acid soils, particularly on land being pre- 
pared for alfalfa. When sufficient limestone has been used to establish condi- 
tions favorable to the growth of legumes, no further applications are necessary 
until the acidity again develops to such an extent as to interfere with the best 
growth of these crops. This will ordinarily be at intervals of several years. In 
the case of an inadequate supply of magnesium in the soil, the occasional use of 
magnesian (dolomitic) limestone would serve to correct this deficiency. Other- 
wise, so far as present knowledge indicates, either form of lmestone—high- 
ealeium or magnesian—will be equally effective, depending upon the purity and 
fineness of the respective stones. 

Fineness of Material—The fineness to which limestone is ground is an im- 
portant consideration in its use for soil improvement. Experiments indicate that 
a considerable range in this regard is permissible. Very fine grinding insures 
ready solubility, and thus promptness in action; but the finer the grinding the 
ereater is the expense involved. A grinding, therefore, that furnishes not too 
large a proportion of coarser particles along with the finer, similar to that of the 
by-product material on the market, is to be recommended. Altho the exact pro- 
portions of coarse and fine material cannot be prescribed, it may be said that a 
limestone crushed so that the coarsest fragments will pass thru a sereen of 4 to 10 
meshes to the inch is satisfactory if the total product is used. 


The Nitrogen Problem 

Nitrogen presents the greatest practical soil problem in American agricul- 
ture. Four important reasons for this are: its increasing deficiency in most 
soils; its cost when purchased on the open market; its removal in large amounts 
by crops; and its loss from soils thru leaching. Nitrogen usually costs from four 
to five times as much per pound as phosphorus. <A 100-bushel crop of corn re- 
quires 150 pounds of nitrogen for its growth, but only 23 pounds of phosphorus. 
The loss of nitrogen from soils within a single season may vary from a few 
pounds to over one hundred pounds per acre, depending upon the treatment of 
the soil, the distribution of rainfall, and the protection afforded by growing crops. 

An inexhaustible supply of nitrogen is present in the air. Above each acre 
of the earth’s surface there are about sixty-nine million pounds of atmospheric 
nitrogen. The nitrogen above one square mile weighs twenty million tons, an 
amount sufficient to supply the entire world for four or five decades. , This large 
supply of nitrogen in the air is the one to which the world must eventually turn. 
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Fic. 7—LEGUMES CAN OBTAIN THEIR NITROGEN FROM THE AIR 
The photograph tells the story of how clover benefits the soil. In the pot 


at the left all the essential plant-food elements, including nitrogen, are supplied. 
In the middle jar all the elements, with the single exception of nitrogen, are 
present. At the right nitrogen is likewise withheld but the proper bacteria are 
supplied which enable the clover to secure nitrogen from the air. 

There are two methods of collecting the inert nitrogen gas of the air and 
combining it into compounds that will furnish products for plant growth. These 
are the chemical and the biological fixation of the atmospheric nitrogen. Farmers 
have at their command one of these methods. By growing inoculated legumes, 
nitrogen may be obtained from the air, and by plowing under more than the roots 
of these legumes, nitrogen may be added to the soil. 

Inasmuch as legumes are worth growing for purposes other than the fixation 
of atmospheric nitrogen, a considerable portion of the nitrogen thus gained may 
be considered a by-product. Because of that fact, it is questionable whether the 
chemical fixation of nitrogen will ever be able to replace the simple method of 
obtaining atmospheric nitrogen by growing inoculated legumes in the production 
of our great grain and forage crops. 

It may well be kept in mind that the following amounts of nitrogen are re- 
quired for the produce named : 


1 bushel of oats (grain and straw) requires 1 pound of nitrogen. 

1 bushel of corn (grain and stalks) requires 144 pounds of nitrogen. 

bushel of wheat (grain and straw) requires 2 pounds of nitrogen. 

ton of timothy contains 24 pounds of nitrogen. 

ton of clover contains 40 pounds of nitrogen. 

ton of cowpea hay contains 43 pounds of nitrogen. 

ton of alfalfa contains 50 pounds of nitrogen. 

ton of average manure contains 10 pounds of nitrogen. 

ton of young sweet clover, at about the stage of growth when it is plowed under as 
green manure, contains, on water-free basis, 80 pounds of nitrogen. 


The roots of clover contain about half as much nitrogen as the tops,-and the 
roots of cowpeas contain about one-tenth as much as the tops. Soils of mod- 
erate productive power will furnish as much nitrogen to clover (and two or three 
times as much to cowpeas) as will be left in the roots and stubble. In grain 
crops, such as wheat, corn, and oats, about two-thirds of the nitrogen is contained 
in the grain and one-third in the straw or stalks. 
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The Phosphorus Problem 
The element phosphorus is an indispensable constituent of every living cell. 
It is intimately connected with the life processes of both plants and animals, the 
nuclear material of the cells being especially rich in this element. 
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The phosphorus content of the soil is dependent upon the origin of the soil. 
The removal of phosphorus by continuous cropping slowly reduces the amount 
of this element in the soil available for crop use, unless its addition is provided 
for by natural means, such as overflow, or by agricultural practices, such as the 
addition of phosphatie fertilizers and rotations in which deep-rooting, leguminous 
crops are frequently grown. 

It should be borne in mind in connection with the application of phosphate, 
or of any other fertilizing material, to the soil, that no benefit can result until 
the need for it has become a limiting factor in plant growth. For example, if 
there is already present in the soil sufficient available phosphorus to produce a 
forty-bushel crop, and the nitrogen supply or the moisture supply is sufficient 
for only forty bushels, or less, then extra phosphorus added to the soil cannot 
inerease the yield beyond this forty-bushel limit. 

There are several different materials containing phosphorus which are 
applied to land as fertilizer. The more important of these are bone meal, acid 
phosphate, natural raw rock phosphate, and basie slag. Obviously that carrier 
of phosphorus which gives the most economical returns, as considered from all 
standpoints, is the most suitable one to use. Altho this matter has been the 
subject of much discussion and investigation the question still remains unsettled. 
Probably there is no single carrier of phosphorus that will prove to be the most 
economical one to use under all cireumstances because so much depends upon 
soil conditions, crops grown, length of haul, and market conditions. 

Bone meal, prepared from the bones of animals, appears on the market in 
two different forms, raw and steamed. Raw bone meal contains, besides the 
phosphorus, a considerable percentage of nitrogen which adds a useless expense 
if the material is purchased only for the sake of the phosphorus. As a source of 
phosphorus, steamed bone meal is preferable to raw bone meal. Steamed bone 
meal is prepared by extracting most of the nitrogenous and fatty matter from 
the bones, thus producing a more nearly pure form of calcium phosphate con- 
taining about 10 to 12 pereent of the element phosphorus. 

Superphosphate (acid phosphate) is produced by treating rock phosphate 
with sulfuric acid. The two are mixed in about equal amounts; the product 
therefore contains about one-half as much phosphorus as the rock phosphate 
itself. Besides phosphorus, superphosphate also contains sulfur, which is like- 
Wise an element of plant food. The phosphorus in superphosphate is more 
readily available for absorption by plants than that of raw rock phosphate. 
Superphosphate of good quality should contain 6 percent or more of the element 
phosphorus. i 

Rock phosphate, sometimes called floats, is a mineral substance found in 
vast deposits in certain regions. The phosphorus in this mineral exists chemically 
as tri-calcium phosphate, and a good grade of the rock should contain 12144 
percent, or more, of the element phosphorus. The rock should be ground to a 
powder, fine enough to pass thru a 100-mesh sieve, or even finer. 

The relative cheapness of raw rock phosphate, as compared with the treated 
or acidulated material, makes it possible to apply for equal money expenditure 
considerably more phosphorus per acre in this form than in the form of super- 
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phosphate, the ratio being, under the market conditions of the past several years, 
about 4 to 1. That is to say, under these market conditions, a dollar will pur- 
chase about four times as much of the element phosphorus in the form of rock 
phosphate as in the form of superphosphate, which is an important consideration 
if one is interested in building up a phosphorus reserve in the soil. As explained 
above, more very carefully conducted comparisons on various soil types under 
various cropping systems are needed before definite statements can be given as 
to which form of phosphate is most economical to use under any given set of 
conditions. 


Basic slag, known also as Thomas phosphate, is another carrier of phos- 
phorus that might be ‘mentioned because of its considerable usage in Europe 
and eastern United States. Basie slag phosphate is a by-product in the manu- 
facture of steel. It contains a considerable proportion of basic material and 
therefore it tends to influence the soil reaction. 

Rock phosphate may be applied at any time during a rotation, but it is 
applied to the best advantage either preceding a crop of clover, which plant 
seems to possess an unusual power for assimilating the phosphorus from raw 
phosphate, or else at a time when it can be plowed under with some form of 
erganie matter such as animal manure or green manure, the decay of which 
serves to liberate the phosphorus from its insoluble condition in the rock. It is 
important that the finely ground rock phosphate be intimately mixed with the 
organic material as it is plowed under. 

In using superphosphate or bone meal in a cropping system which includes 
wheat, it is a common practice to apply the material in the preparation of the 
wheat ground. It may be advantageous, however, to divide the total amount 
to be used and apply a portion to the other crops of the rotation, particularly 
to corn and to clover. 


The Potassium Problem 


Our most common soils, which are silt loams and clay loams, are well stocked 
with potassium, altho it exists largely in a slowly soluble form. Such soils as 
sands and peats, however, are likely to be low in this element. On such soils this 
deficiency may be remedied by the application of some potassium salt, such as 
potassium, sulfate, potassium chlorid, kainit, or other potassium compound, and in 
many instances this is done at great profit. 

From all the facts at hand it seems, so far as our great areas of common 
soils are concerned, that, with a few exceptions, the potassium problem is not 
one of addition but of liberation. The Rothamsted records, which represent the 
oldest soil experiment fields in the world, show that for many years other soluble 
salts have had practically the same power as potassium salts to increase crop 
yields in.the absence of sufficient decaying organic matter. Whether this action 
relates to supplying or liberating potassium for its own sake, or to the power 
of the soluble salt to increase the availability of phosphorus or other elements, 
is not known, but where much potassium is removed, as in the entire crops at 
Rothamsted, with no return of organic residues, probably the soluble salt func- 
tions in both ways. 
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Further evidence on this matter is furnished by the Illinois experiment field 
at Fairfield, where potassium sulfate has been compared with kainit both with 
and without the addition of organic matter in the form of stable manure. Both 
sulfate and kainit produced a substantial increase in the yield of, corn, but the 
cheaper salt—kainit—was just as effective as the potassium sulfate, and returned 
some financial profit. Manure alone gave an increase similar to that produced 
by the potassium salts, but the salts added to the manure gave very little increase 
over that produced by the manure alone. This is explained in part, perhaps, by 
the fact that the potassium removed in the crops is mostly returned in manure 
properly cared for, and perhaps in larger part by the fact that decaying organic 
matter helps to liberate and hold in solution other plant-food elements, especially 
phosphorus. be 

In laboratory experiments at the Illinois Experiment Station, it has been 
shown that potassium salts and most other soluble salts increase the solubility of 
the phosphorus in soil and in rock phosphate; also that the addition of glucose 
with rock phosphate in pot-culture experiments increases the availability of the 
phosphorus, as measured by plant growth, altho the glucose consists only of 
earbon, hydrogen, and oxygen, and thus contains no limiting element of plant 
food. 

In considering the conservation of potassium on the farm it should be re- 
membered that in average livestock farming the animals destroy two-thirds of 
the organic matter and retain one-fourth of the nitrogen and phophorus from 
the food they consume, but that they retain less than one-tenth of the potassium ; 
so that the actual loss of potassium in the products sold from the farm, either 
in grain farming or in livestock farming, is negligible on land containing 25,000 
pounds or more of potassium in the surface 67% inches. 


The Calcium and Magnesium Problem 

When measured by crop removals of the plant-food elements, calcium is 
often more limited in Illinois soils than is potassium, while magnesium may be 
occasionally. In the case of calcium, however, the deficiency is likely to develop 
more rapidly and become much more marked because this element is leached 
out of the soil in drainage water to a far greater extent than is either magnesium 
or potassium. 

The annual loss of limestone from the soil depends, of course, upon a number 
of factors aside from those which have to do with climatic conditions. Among 
these factors may be mentioned the character of the soil, the kind of limestone, 
its condition of fineness, the amount present, and the sort of farming practiced. 
Because of this variation in the loss of lime materials from the soil, it is impossible 
to prescribe a fixed practice in their renewal that will apply universally. The 
tests for acidity and carbonates described above, together with the behavior of 
such lime-loving legumes as alfalfa and sweet clover, will serve as general 
indicators for the frequency of applying limestone and the amount to use on a 
given field. 

Limestone has a direct value on some soils for the plant food which it 
supplies, in addition to its value in correcting soil acidity and in improving the 
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physical condition of the soil. Ordinary limestone (abundant in the southern 
and western parts of Illinois) contains nearly 800 pounds of calcium per ton; 
while a good grade of dolomitice limestone (the more common limestone of north- 
ern Illinois) contains about 400 pounds of calcium and 300 pounds magnesium 
per ton. Both of these elements are furnished in readily available form in 
ground dolomitie limestone. 


The Sulfur Question 

In considering the relation of sulfur in a permanent system of soil fertility 
it is important to understand something of the cycle of transformations that this 
element undergoes in nature. Briefly stated this is as follows: 

Sulfur exists in the soil in both organic and inorganic forms, the former 
being gradually converted to the latter form thru bacterial action. In this 
inorganic form sulfur is taken up by plants which in their physiological processes 
change it once more into an organic form as a constituent of protein. When 
these plant proteins are consumed by animals, the sulfur becomes a part of the 
animal protein. When these plant and animal proteins are decomposed, either 
thru bacterial action, or thru combustion, as in the burning of coal, the sulfur 
passes into the atmosphere or into the soil solution in the form of sulfur dioxid 
gas. This gas unites with oxygen and water to form sulfuric acid, which is 
readily washed back into the soil by the rain, thus completing the cycle, from 
soil—to plants and animals—to air—to soil. 

In this way sulfur becomes largely a self-renewing element of the soil, altho 
there is a considerable loss from the soil by leaching. Observations taken at the 
Illinois Agricultural Experiment Station show that 40 pounds of sulfur per acre 
are brought into the soil thru the annual rainfall. With a fair stock of sulfur, 
such as exists in our common types of soil, and with an annual return, which of 
itself would more than suffice for the needs of maximum crops, the maintenance 
of an adequate sulfur supply presents little reason at present for serious concern. 
There are regions, however, where the natural stock of sulfur in the soil is not 
nearly so high and where the amount returned thru rainfall is small. Under such 
circumstances sulfur soon becomes a limiting element of crop production, and it 
will be necessary sooner or later to introduce this substance from some outside 
source. Investigation is now under way to determine to what extent this situation 
may apply under Illinois conditions. 


Physical Improvement of Soils 

In the management of most soil types, one very important matter, aside from 
proper fertilization, tillage, and drainage, is to keep the soil in good physical 
condition, or good tilth. The constituent most important for this purpose is 
organic matter. Organic matter in producing good tilth helps to control washing 
of soi] on rolling land, raises the temperature of drained soil, increases the 
moisture-holding capacity of the soil, slightly retards capillary rise and conse- 
quently loss of moisture by surface evaporation, and helps to overcome the 
tendency of some soils to run together badly. 

The physical effect of organic matter is to produce a granulation or mellow- 
ness, by cementing the fine soil particles into crumbs or grains about as large as 
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grains of sand, which produces a condition very favorable for tillage, percolation 
of rainfall, and the development of plant roots. 

Organic matter is undergoing destruction during a large part of the year 
and the nitrates produced in its decomposition are used for plant growth. Altho 
this decomposition is necessary, it nevertheless reduces the amount of organic 
matter, and provision must therefore be made for maintaining the supply. The 
practical way to do this is to turn under the farm manure, straw, cornstalks, 
weeds, and all or part of the legumes produced on the farm. The amount of 
legumes needed depends upon the character of the soil. There are farms, espe- 
cially grain farms, in nearly every community where all legumes could be turned 
under for several years to good advantage. 

Manure should be spread upon the land as soon as possible after it is pro- 
duced for if it is allowed to lie in the barnyard several months as is so often the 
case, from one-third to two-thirds of the organic matter will be lost. 

Straw and cornstalks should be turned under, and not burned. There is 
considerable evidence indicating that on some soils undecomposed straw applied 
in excessive amount may be detrimental. Probably the best practice is to apply 
the straw as a constituent of well-rotted stable manure. Perhaps no form of 
organic matter acts more beneficially in producing good tilth than cornstalks. It 
is true, they decay rather slowly, but it is also true that.their durability in the . 
soil is exactly what is needed in the production of good tilth. Furthermore, the 
nitrogen in a ton of cornstalks is one and one-half times that of a ton of manure, 
and a ton of dry cornstalks incorporated in the soil will ultimately furnish as 
much humus as four tons of average farm manure. When burned, however, both 
the humus-making material and the nitrogen are lost to the soil. 

It is a common practice in the corn belt to pasture the cornstalks during 
the winter and often rather late in the spring after the frost is out of the ground. 
This trampling by stock sometimes puts the soil in bad condition for working. 
It becomes partially puddled and will be cloddy as a result. If tramped too late 
in the spring, the natural agencies of freezing and thawing and wetting and 
drying, with the aid of ordinary tillage, fail to produce good tilth before the 
corn is planted. Whether the crop be corn or oats, it necessarily suffers and if 
the season is dry, much damage may be done. If the field is put in corn, a poor 
stand is likely to result, and if put in oats, the soil is so compact as to be un- 
favorable for their growth. Sometimes the soil is worked when too wet. This 
also produces a partial puddling which is unfavorable to physical, chemical, and 
biological processes. The effect becomes worse if cropping has reduced the organic 
matter below the amount necessary to maintain good tilth. 


Systems of Crop Rotations 


In a program of permanent soil improvement one should adopt at the outset 
a good rotation of crops, including, for the reasons discussed above, a liberal 
use of legumes. No one can say in advance for every particular ease what will 
prove to be the best rotation of crops, because of variation in farms and farmers 
and in prices for produce. . As a general principle the shorter rotations, with 
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the frequent introduction of leguminous crops, are the best adapted for building 
up poor soils. 

Following are a few suggested rotations which may serve as models or out- 
lines to be modified according to special circumstances. 


Six-Year Rotations 
First year —Corn 
Second year —Corn 
Third year —Wheat or oats (with clover) 
Fourth year —Clover 
Fifth year —Wheat (with clover) 
Siath year —Clover, or clover and grass 
In grain farming, with small grain grown the third and fifth years, most 
of the unsalable products should be returned to the soil, and the clover may be 
clipped and left on the land or returned after threshing out the seed; or, in 
hvestock farming, the field may be used three years for timothy and clover 
pasture and meadow if desired. The system may be reduced to a five-year rota- 
tion by cutting out either the second or the sixth year, and to a four-year system 
by omitting the fifth and sixth years, as indicated below. 
The two following rotations are suggested as especially adapted for com- 
bating the corn borer : 


First year —Corn First year —Corn 

Sccond year —Soybeans Second year —Soybeans 

Third year —Small grain (with legume) Third year —Small grain (with legume) 
Fourth year —Legume Fourth year —Legume 

Fifth year —Corn (for silage) Fifth year —Wheat (with alfalfa) 
Siath year Wheat (with sweet clover) Sixth year —Alfalfa 


Five-Year Rotations 


First year —Corn First year —OCorn 

Second year —Wheat or oats (with clover) Second year —Soybeans 

Third year —Clover Third year —Corn 

Fourth year —Wheat (with clover) Fourth year —Wheat (with legume) 
Fifth year —Clover Fifth year —Legume = 


First year —Corn 
Second year —Cowpeas or soybeans 
Third year —Wheat (with clover) 
Fourth year —Clover 
Fifth year —Wheat (with clover) 
The last rotation mentioned above allows legumes to be grown four times. 
Alfalfa may be grown on a sixth field rotating over all fields if moved every 


six years. 


Four-Year Rotations 


First year —Corn First year —Corn 

Second year —Wheat or oats (with clover) Second year —Corn 

Third year —Clover Third year —Wheat or oats (with clover) 
Fourth year —Wheat (with clover) Fourth year —Clover 

First year —Corn First year —Wheat (with clover) 
Second year —Cowpeas or soybeans Second year —Clover 

Third year —Wheat (with clover) Third year —Corn 


Fourth year —Clover Fourth year —Oats (with clover) 
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Alfalfa may be grown on a fifth field for four or eight years, which is to be 
alternated with one of the four; or the alfalfa may be moved every five years, 


and thus rotated over all five fields every twenty-five years. 
| 


Three-Year Rotations 


First year —Corn First year —Wheat or oats (with clover) 
Second year —Oats or wheat (with clover) Second year —Corn 
Third year —Clover Third year —Cowpeas or soybeans 


By allowing the clover, in the last rotation mentioned, to grow in the spring 
before preparing the land for corn, we have provided a system in which legumes 
grow on every acre every year. This is likewise true of the following suggested 
{two-year system: 

- Two-Year Rotations 
First year —Oats or wheat (with sweet clover) 
Second year —Corn 

Altho in this two-year rotation either oats or wheat is suggested, as a matter 
of fact, by dividing the land devoted to small grain, both of these crops can be 
grown simultaneously, thus providing a three-crop system in a two-year cycle. 

It should be understood that in all of the above suggested cropping systems 
it may be desirable in some cases to substitute barley or rye for the wheat or 
oats. Or, in some eases, it may become desirable to divide the acreage of small 
grain and grow in the same year more than one kind. In all of these proposed 
rotations the word clover is used in a general sense to designate either red clover, 
alsike clover, or sweet clover, or it may include alfalfa used as a biennial. The 
mixing of alfalfa with clover seed for a legume crop is a recommendable prac- 
tice. In connection with livestock production it may be desirable to mix grass 
with the clover for pasture or hay. The value of sweet clover, especially as a 
green manure for building up depleted soils, as well as a pasture and hay-crop, 
is becoming thoroly established, and its importance in a crop-rotation program 
may well be emphasized. 


SUPPLEMENT: EXPERIMENT FIELD DATA 


(Results From Experiment Fields on Soil Types Similar to Those Occurring in 
Morgan County) 

The University of Illinois has operated altogether about fifty soil experi- 
ment fields in different sections of the state and on various types of soil. Altho 
some of these fields have been discontinued, the large majority are still in 
operation. It is the present purpose to report the results from certain of these 
fields located on types of soil described in the accompanying soil report. 

A few general explanations at this point, which apply to all the fields, will 
relieve the necessity of numerous repetitions in the following pages. 


Size and Arrangement of Fields 
The soil experiment fields vary in size from less than two acres up to 40 
acres or more. They are laid off into series of plots, the plots commonly being 
either one-fifth or one-tenth acre in area. Each series is occupied by one kind 
of crop. Usually there are several series so that a crop rotation can be carried on 
with every crop represented every year. 


Farming Systems 

On many of the fields the treatment provides for two distinct systems of 
farming, livestock farming and grain farming. 

In the lwestock system stable manure is used to furnish organic matter 
and nitrogen. The amount applied to a plot is based upon the amount that can 
be produced from crops raised on that plot. 

In the grain system no animal manure is used. The organic matter and 
nitrogen are applied in the form of plant manures, including the plant residues 
produced, such as cornstalks, straw from wheat, oats, clover, etc., along with 
leguminous catch crops plowed under. It was the plan in this latter system to 
remove from the land, in the main, only the grain and seed produced, except in 
the case of alfafa, that crop being harvested for hay the same as in the livestock 
system. Some modifications have been introduced in recent years as will be 
explained in the descriptions of the respective fields. 


Crop Rotations 
Crops which are of interest in the respective localities are grown in definite 
rotations. The most common rotation used is wheat, corn, oats, and clover; and 
often these crops are accompanied by alfalfa growing on a fifth series. In the 
grain system a legume catch crop, usually sweet clover, is included, which is 
seeded on the young wheat in the spring and plowed under in the following 
spring in preparation for corn. If the red clover crop fails, soybeans are sub- 
stituted. 
Soil Treatment 
The treatment applied to the plots has, for the most part, been standardized 
according to a rather definite system, altho deviations from this system occur now 
and then, particularly in the older fields. 
43 
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Following is a brief explanation of this standard system of treatment. 

Animal Manwres—Animal manures, consisting of exereta from animals, 
with stable litter, are spread upon the respective plots in amounts proportionate 
to previous crop yields, the applications being made in the preparation for corn. 

Plant Manures.—Crop residues produced on the land, such as stalks, straw, 
and chaff, are returned to the soil, and in addition a green-manure erop of sweet 
clover is seeded in small grain to be plowed under in preparation for corn. (On 
plots where limestone is lacking the sweet clover seldom survives.) This practice 
is designated as the residues system. 

Mineral Manwres—The yearly acre-rates of application have been: for 
limestone, 1,000 pounds; for raw rock phosphate, 500 pounds; and for potas- 
sium, usually 200 pounds of kainit. When kainit was not available, owing to 
conditions brought on by the World war, potassium carbonate was used. The 
initial application of limestone has usually been 4 tons per acre. 


Explanation of Symbols Used 


0 =Untreated land or cheek plots 

M = Manure (animal) 

R =Residues (from crops, and includes legumes used as green manure) 

L -=Limestone 

P =Phosphorus, in the form of rock phosphate unless otherwise designated 
sP = superphosphate (acid phosphate), bP — bonemeal, rP = rock phos- 
phate 

K =Potassium (usually in the form of kainit) 

N =Nitrogen (usually in the form contained in dried blood) 

Le Legume used as green manure 

Cy = Cover crop 


( ) ==Parentheses enclosing figures, signifying tons of hay, as distinguished 
from bushels of seed 


THE MT. MORRIS FIELD 


The Mt. Morris experiment field was established in 1910 at Mt. Morris in 
Ogle county. The soil represents fairly well the type Light Brown Silt Loam, 
altho the plots are not althogether uniform in this respect. The plots considered 
here comprize four series under a rotation of corn, oats, clover, and wheat, with 
soil treatments as indicated in the accompanying table. The application of straw 
to the residues plots has been discontinued in these later years. In 1922 the 
application of limestone, and in 1923 the application of rock phosphate, were 
indefinitely suspended in order to observe the residual effect of these materials. 

A summary of the results of the work is given in Table 7, in the form of 
the average annual crop yields for the years since the complete soil treatments 
have been in effect. 

The outstanding results from these records are those produced by the manure 
treatment. Over 14 bushels of corn, over 9 bushels of oats, 4.7 bushels of wheat. 
and a half ton of clover have been the average annual acre increases in crop 
yields from the manure plots over the corresponding checks. Residues alone have 
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Fig. 8—Corn on THE Mt. Morris FIELD 


The two pictures represent the extremes in corn production on this field. Where the un- 
treated land has produced as a fourteen-year average 44.6 bushels an acre, the land under the 
residues, limestone, phosphate, potash treatment has yielded 67.2 bushels. The most profitable 
treatment on this field, however, has been that of residues and limestone, which has produced 
62.2 bushels an acre. 


Tasie 7.—MT. MORRIS FIELD: Summary or Crop YIELDS 
Average Annual Fields 1913-1927—Bushels or (tons) per acre 


Serial Wheat Corn Oats Clover Soybeans 
plot Soil treatment applied 
No. 13 crops 15 crops 15 crops 12 crops 2 crops 
il (so th oe pean ca OS eee 2259 44.4 SY Gate (1.94) (1.56) 
2 iM cdo BO Gide Coe 27.9 59.0 OL (2.54) (1.70) 
3 141 con ero kona Ae Se 33.6 64.1 70.6 (2.96) (1.80) 
4 ne Ne 6 cc Pte Oe eee 35.0 63.7 Hats: (2.89) (1.92) 
Gp | 0). 3.o'e epee eee 23.0 43.9 54.2 (1.65) (1.34) 
Gh) od on 24.8 50.7 58.5 (1.70) (1.60) 
(Oe || [Ry Sa eG Cee ee 32.0 62.2 68.2 (2.20) (1.89) 
SRE eo 35.2 65.5 69.9 (2.21) (2.07) 
OS 3) ULES ee 35.4 66.9 LOR2 (2.24) (2.00) 
OMAR ke cisco ole se 247 1 42.9 51.9 (1.61) (1.68) 
Crop Increases 
IMS Toil? 0), A ne eee eo 4.7 14.6 9.4 ( .60) ( .14) 
LS) CONIC U2 A eee 1.8 6.8 4.3 (205) (2268) 
WiROVeTVIs ee 8. aa ea 6.1 Seth Sati) ( .42) ( .10) 
BP UNOMEEMR tet selec. es. am he? TLS Dads ( .50) ( .29) 
NOP tos Gre LY 0 De 1.4 — .4 9 —( .07) ( 212) 
RIGProver Ri... .... 05... ay 383 1.7 ( .01) ( .18) 
RUE over ORER. 2 als... 2 1.4 3 ( .03) |—( .07) 
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also produced increases in the crop yields altho the effect is much less pronounced 
than that of manure alone. 

Limestone has been profitably used in both the manure and residues sys- 
tems but the benefit has been greater in the residues system. | 

The rock phosphate, as usual, has been somewhat more effective used with 
residues than with manure, but under present market conditions and used in 
the quantity employed in these experiments, it has thus far not returned its costs, 
even with residues. However, as noted above, applications of phosphate have 
been suspended and the residual effect of the accumulated phosphorus in the 
soil during the years to come will be awaited with interest. 

No significant effect is apparent from potassium as used in these experiments. 

- THE DIXON FIELD 

A summary of the results from the Dixon experiment field are presented 
here, inasmuch as the soil of this field is similar to some of that found in Morgan 
county. This field includes about 21 acres and is laid out into two general systems 
of plots, a major and a minor system. The results from the major system will 
be considered here. 

The rotation practiced has been wheat, corn, oats, and clover. The treatment 
of the plots and management of the crops were, for the most part, maintained 
up to 1922 according to the general plan described on pages 48 and 44. The most 
important modification of the plan has been the discontinuance, within the last 
few years, of the applications of limestone, phosphate, and straw residues. 


TaBLE 8.—DIXON FIELD: Summary or Crop YIELDS 
Average Annual Yields 1912-1927—Bushels or (tons) per acre 


Serial Wheat | Corn Oats | Barley | Clover |Soybeans 
pce Soil treatment applied 
0. 12 crops | 16 crops| 15 crops| 1 crop | 10 crops| 4 crops 
1 (Urs ota citar cece aie 20.4 36.3 48.3 43.3 (1.71) | -(1.46) 
2 LY ES earremeeny ssa Po Ue a oe 26.6 55.3 61.5 46.4 (2.45) | (1.78) 
3 A IRE AGh eicc.camce 30.2 59.8 64.8 55.2 (2.70) | (1.92) 
Coa (as. WD cos eaeer they Serle «Aura Shnelee 33.4 62.3 66.6 58.3 (2.83) | (1.97) 
5 MPR as For ote rain otica 0 Goes © 21.4 41.9 53.5 49.5 (1.41) | (1.18) 
6 1 RISO ae Sra oitoion nels 24.2 49.8 57.6 53.8 (1.49) | (1.35) 
7 RUT 2% 1. gee Gee ee eee eee 27.4 56.3 61.4 54.5 (LTO G85) 
8 FRU 8 5k shee ae ee ae 32.0 57.6 64.1 59.0 (2.04) | (1.33) 
9 RUB 02053 eee ee 32.9 61.1 63.6 56.9 Qe) e ales) 
10 UP ort Gino ec 19.8 40.5 50.8 45.4 (1.81) | (1.45) 
Crop Increases 
IM ‘over 0:7. er eee ee tt 6.2 19.0 13.2 3.1 GaSe -32) 
IRONED eae. ener ee 2.8 Chen} 4, 4.3 (R03) me o1:7) 
MII ovens Nite ren errors 3.6 4.5 3.3 8.8 (.25)*} ( .14) 
RO Verpis:y, ene eon 3.2 6.5 3.8 ait ( .80) | (0.00) 
MIEPZovers Mi nem yore is eee 3.2 255 1.8 sl iaGas (_.05) 
GE OVeD aera eee 4.6 ifees} PNet 4.5 ( .25) |—( .02) 
RUPIGover RUR aa ae 9 3.5 | — .5 | —2.1 ( 17) |—(_ .18) 
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“NO 
TREATMENT 


Fig. 9.—CLOVER ON UNTREATED LAND, DIXON FIELD 


A cutting of red-clover hay obtained from an untreated plot. Compare with the crop 
shown in Fig. 10. 


Table 8 gives a summary of the results in terms of the average annual crop 
yields obtained since the plots have been under complete treatment. 

In considering these results, the most striking feature to be observed is the 
outstanding effect of farm manure (M). The average annual increase due to 
the use of manure alone has amounted to 19 bushels of corn an acre, more 
than 13 bushels of oats, over 6 bushels of wheat, 34 of a ton of clover, and 14 
of a ton of soybean hay. 


SWEET CLOVER B 
LIMESTONE § 

ROCK PHOSPHATE & 
1319 LBS. 


Fig. 10.—CLOVER ON TREATED LAND, DIXON FIELD 


A cutting of red-clover hay produced under the residues-limestone-phosphate treat- 
ment. Here we have a yield of 1,319 pounds, more than two and one-third times the yield 
on the untreated land. 
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Organic manure in the form of crop residues (R) has also produced increases 
in yields altho not to the extent of those produced by animal manure. 

Limestone (L) in addition to organic manures has, with a single exception, 
effected more or less improvement, probably sufficient to cover the expense of 
application. 

Rock phosphate (P), as usual, shows up to best advantage when used with 
residues on the wheat crop. The effect on other crops, however, has been such 
that the increases in yield are not sufficient to cover the cost of the application 
under existing market conditions. 

Altho potassium (K) has produced an average increase of 3.5 bushels an 
acre in corn, the effects on other crops are such as to render its use unprofitable 
in growing these common field crops. 


THE KEWANEE FIELD 
Experiments on the Major Series 


The Kewanee field, located in Henry county, represents in the main the 
soil type Brown Silt Loam, altho a draw traversing the field in a winding 
direction contains a narrow streak of a heavier type designated as Black Clay 
Loam On Drab Clay. The Kewanee field has been in operation since 1915. 
The crops grown on the main series of plots are wheat, corn, oats, and clover. 


The arrangement of plots as well as the systems of soil treatment are indicated 
in Table 9. 


TaBLe 9.—KEWANEE FIELD: Summary or Crop Y1eups 
Average Annual Yields 1917-1927—Bushels or (tons) per acre 


Serial Wheat Corn Oats Clover 
plot Soil treatment applied 
No. 9 crops 11 crops 11 crops 10 crops 
1 US ODIO erie eee Sy, 2 30.0 53.9 59.4 (1.64) 
Fao | ND ae eee ee ha Me gm ie Be 33.6 65.0 70.3 (2.26) 
SLL 8 RE ae Aenea te Sen oe 35.8 68.7 73.0 (2.30) 
ANS, 4 i 0) of ee oct wm one 40.7 70.0 71.2 (2.46) 
DMV), cig oye eeent ince seas ee ene 31.8 54.5 60.6 (1.60) 
Guhl VERS use. hee oe eee ee 33.3 56.7 59.2 (1.55) 
EO Lis a eer cre wate ee eee ODde 64.9 61.9 (1.78) 
Sand elu ki), Moe ete me pee 40.9 69.5 68.2 (1.98) 
SRP HLP KC, ase eet aa ee mee 41.2 (an0 70.1 (2.08) 
10 0 sctececy ack Ae SO en eee 29.4 49.7 56.6 (1.38) 
Crop Increases 
Mover 03. goa eee 3.6 ifr 10.9 ( “any 
Raver 0.22 ee ee ee 1,5 24 04 — 1.4 —( .05 
Miliover Mea mete. ne Dee 3.7 2.7 ( .04) 
RE Over Rat kee Meek Orne 2.0 8.2 2.7 ( .23) 
MLP over: Mek) ee 4.9 1s — 1.8 (16) 
RiP Over Telia warat oot 5.6 4.6 6.3 ( .20) 
REPS over Ue ey see .o ANE 1.9 ‘eC aROG) 
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The table gives a summary of the crop yields by annual averages, including 
the years since the complete soil treatments have been in effect. In the lower 
part of the table the comparisons expressed as crop increases resulting from the 
respective soil treatments bring out the following points of interest. 

Animal manure (M) used alone has had a very beneficial effect, especially 
with corn, oats, and clover. Residues alone (R) have had little effect on crop 
yields. 

Limestone (L) used in addition to organic manures appears to have effected 
more or less improvement in all cases altho where used with animal manure on 
the clover the increase is scarcely significant. 

Phosphorus (P) shows up to advantage on the wheat crop, and in the 
residues system the rock phosphate has produced a profitable return. <A fact 
which these general averages fail to show is that with both limestone and phos- 
phate the effects have been more favorable in recent years than in the earlier 
years of the experiments. 

Altho an increase of 3.5 bushels of corn appears as a result of potassium (K) 
application, in view of the insignificant response by the other crops the pur- 
chase of potassium fertilizer for use in this kind of a cropping system on this 
kind of soil would appear not to be profitable. 


Experiments on the Minor Series 

In addition to the experiments described above, the same rotation is being 
conducted on a smaller series of plots where a comparison of rock phosphate 
and superphosphate (acid phosphate) is being made. 

Alfalfa was grown on these plots until 1922. In the beginning, limestone 
was applied to Plots 3 and 4 at the rate of 4 tons an acre. This application 
was repeated in 1919. In 1922 the present experiments with phosphates were 
begun, and the same rotation as practiced on the larger series was established 
on these series. In this phosphate comparison rock phosphate was used on 
Plots 1 and 3 at the annual rate of 400 pounds an acre, applied once in the 
rotation ahead of the wheat; but beginning with 1927 rock phosphate has been 
applied at the same time as the superphosphate. Superphosphate is used on 


’ Plots 2 and 4 and at the annual rate of 200 pounds an acre. It is applied twice in 


the rotation, one-half for wheat and one-half for oats. A summary of the annual 
crop yields and their values are given in Table 10. 


Taste 10.—KEWANEE FIELD: Puospsate EXPERIMENT 


Average Annual Yields and Corresponding Money Values 1922-1927 
Bushels or (tons) per acre 


Wheat Corn Oats Hay Value 


Soil treatment per 
6 crops 6 crops 6 crops 6 crops acre 
Mock phosphaperie sec... eeu. ++ 2: 44.7 (bat 75.6 (3.50) $45.41 
SUpeHPHOSPMAbelG se cire ewes os» 47.1 70.9 78.4 (3.44) 46.06 
> Limestone, rock phosphate......... 40.7 69.1 74.4 (3.52) 43.72 
Limestone, superphosphate!........ 47.8 70.3 Gon (3.61) 46.60 | 


Ny 


1Acid phosphate. 
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The difficulty of arriving at a general conclusion regarding the comparative 
economy in the use of these different phosphorus materials is obvious, for all 
depends upon their relative cost, which fluctuates from time to time. Further- 
more, the prices received from farm produce likewise fluctuate; and to com- 
plicate matters still further these fluctuations do not necessarily run parallel 
with those of the fertilizer cost. However, one may readily compute for him- 
self the relative economy of producing these crop increases by applying any 
set of prices for crops and fertilizers which appear to be most applicable ac- 
cording to prevailing market conditions. 

For this purpose the following set of prices are assumed as representing 
the average market conditions for the past six years (December 1 quotations) : 
wheat, $1.20 a. bushel; corn, 68 cents; oats, 40 cents; and hay, $14.00 a ton. 
For the cost of the two phosphorus carriers, an estimate of $12 a ton for rock phos- 
phate and $24 a ton for superphosphate may be taken, thus making the expense 
for the two kinds of phosphate equal. 

Applying these prices to the yields given in Table 10, it appears that, of 
the four different tests, the highest average annual gross return, $46.60, was 
given by the superphosphate with limestone. Upon adding the limestone, the 
return from superphosphate was increased by only 54 cents an acre, thus in- 
dicating that the purchase of limestone for this combination was unprofitable. 
The returns from rock phosphate with limestone were $1.69 an acre less than 
those from rock phosphate alone. Thus of the treatments included in this test 
the most profitable lies in one of the two forms of phosphates used alone, and 
the results thus far show a greater gross return per acre of 65 cents in favor 
of the superphosphate. 

It is of interest to note that wheat has been the crop most affected by the 
form of phosphate applied. It is to be borne in mind that the order of values 
ean easily be shifted by a change in relative yields of the respective crops or 
by a change in commodity prices. Furthermore, no consideration has been given 
here to any possible difference in residual effects of the two forms of phosphate, 
which might appear upon discontinuing the treatments. 


THE BLOOMINGTON FIELD 


The experiments on the Bloomington field are of interest in connection with 
the management of Brown Silt Loam. This field is located in McLean county, 
northeast of the city of Bloomington. The work was started in 1902. Altho a 
fairly long period of years has been covered in these experiments, the field has 
only a single series of plots, so that only one kind of crop is represented each 
season. The crops employed have been corn, corn, oats, clover, and wheat; and 
since 1905, they have been grown in the sequence named. . 

Commercial nitrogen applied in the form of dried blood was used in the 
early years up to 1905, when crop residues and clover were substituted. The 
phosphorus on this field has been supplied in the form of steamed bone meal at 
the rate of 200 pounds an acre a year. ; 

Table 11 presents a summary of the work to 1923 by average annual yields. 
The comparisons in the lower part of the table show the effect of the different 
plant-food materials in the combinations in which they have been applied. 
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Tasie 11.—BLOOMINGTON FIELD: Summary or Crop YIELDS 
Average Annual Yields 1902-1923—Bushels or (tons) per acre 


Serial Corn Oats Wheat Clover! 
plot Soil treatment applied 

No. 10 crops 4 crops 4 crops 3 crops 

HM ROUEN EMEP rrelieas, «fel 8o 0! 65 sis Sec 8 sid ayes @ 44.6 40.6 26.5 G74) 

| li. wees Jot 41.5 44.7 24.1 ( .80) 

Bit) Toke 3 oo nega one hi ae ea 47.5 46.2 27.9 .88) 

Zbl) LUN Ewe 3 55.8 54.3 45.7 (2.54) 

15). |i (HIS. oles Ot fe Sie 46.2 43.5 25.5 .90) 

GS || LCG, Geld ocak ee ea eee 60.6 66.0 49.7 (1.19) 

ff) Ta SIRES, 3 SS ce 48.6 46.8 27.5 .82) 

3) LLNS 5 Os Bi 60.9 57.2 44.5 (2.44) 

Gh | ID OE 5. 64.2 63.1 50.4 .81) 

TH) MER nA PPERMEEENE cricsey sf jcheus. vices a s[6 susseiaceuae oc 58.8 52.8 49.3 ( .83) 


For limestone 
L NMP EN ci basie tte: gai oak astop hd oxy Y>S) 5 — 3.5 4.1 — 2.4 ( .06) 
PoE U IE SOVOREEU DIETS. cis ec eis ee wee sae es 5.4 10.3 Let —( .02) 
For residues 
LR OTOP ceca c.a)'c) sihuaes, «sis tsiei'era es 6.0 i gas 3.8 .08) 
IRIE» @pychiel Lo) 2s A 4.8 Ee 4.0 — (1.35) 
TE TR EON VOTAIGENG oes obs)s o.cheas scese,.olere, de eneye as 2.4 B58 PRAY, —( .08) 
Td eal ol 4 iso copyteyp 10) Sal 5 uo 5.9 5.9 — (1.63) 
For phosphorus 
LbP One llys 535A eee ee ere ae 14.3 9.6 21.6 (1.74) 
HER bo em OUN LIER C85. cs) seve o old wie wine bm gee be 1s nal 19.8 21.8 (31) 
Toe GkuGd NSS Ree ee 14.7 13.7 19.0 (1.54) 
MOEN AMOVETOUNUIG vec c ese ede cece ews 15.6 16.3 22.9 —( .01) 
For potassium 
K PCM MEM ye Tiss shies cis eros ) 3% 4.7 — 1.2 1.4 G10) 
IBIRIK OSC UNE ee ee el .6 — .4 —( .06) 
NUP GMO MOTINGD Ee asic cre’ pos + afeied ays bys 5.1 2.9 — 1.2 —( .10) 
JUS NEES voy); J 0 Sy 0) 2d ea 3.6 — 2.9 ah —( .38) 


1Two crops of seed on Plots 3, 6, 7, and 9 are evaluated as hay. 


The value of limestone (L) on this field is difficult to assess on account of 
the erratic results found upon comparing Plots 1 and 2. Here both corn and 
wheat appear to have suffered from the application of limestone, but the diffi- 
culty may well be attributable to soil variability. Comparing Plots 9 and 10 it 
would appear that in combination with residues, phosphorus, and potassium, the 
limestone on the whole has been beneficial. 

The residues treatment (R) supplying organic matter and nitrogen, shows a 
beneficial effect on the grain crops, but not on the clover. 

The prominent feature of the results on the Bloomington field is the effect of 
phosphorus applied in the form of steamed bone meal (bP). Im all the grain 
crops on every plot where bone meal has been applied there is a remarkable 
response to the treatment, as shown by the increases in yields. This response 
appears in all the combinations, even without the presence of residues, altho 
in combination with either residues or potassium the effect is accentuated. For 
example, comparing Plot 3 with Plot 6 (limestone and residues with limestone, 
residues, and phosphorus) we find the phosphorus treatment has produced an 
average increase in the yield of corn of about 13 bushels an acre, while the yield 
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of oats has been increased by about 20 bushels, and that of wheat by about 22 
bushels an acre. Similar increases, tho not so pronounced, appear in comparing 
Plot 5 with Plot 8 where potassium instead of residues is present. 

Quite different are the results from the use of potassium (K) on this field. 
The potassium has been applied mainly in the form of potassium sulfate, but 
in 1917 when this material became unavailable thru war conditions, potassium 
carbonate was substituted. There is a moderate increase in the corn yield where 
potassium has been used and particularly where residues are absent. Otherwise, 
the small gain shown on some plots are offset by losses on other plots, but these 
small differences are probably well within the limits of experimental error. 

Thus it appears that on this field, under this system of farming, the lack 
of phosphorus is the outstanding limiting factor in production and the applica- 
tion of this element in the form of steamed bone meal is attended by a high 
financial profit. 

In view of this remarkable response to bone meal on the Bloomington field, 
it was of interest to know how other carriers of phosphorus would behave, and 
accordingly some experiments were planned to investigate this question. For 
this purpose the plots were divided in 1924, and certain new treatments were 
applied in order to compare the effects of rock phosphate and of superphosphate 
(acid phosphate) with bone meal, and at the same time to determine the residual 
effect of the accumulated phosphorus resulting from its continuous application 
in presumably somewhat excessive amounts. Table 12 indicates the arrangement 
of these new treatments and also gives the results of the four years in which 
these later experiments have been in progress, 

In arriving at the financial results presented in the table, the values of the 
crops are based upon December 1 farm price quotations for the years in which 
the respective crops were produced. In deducting the annual cost for the 
different treatments, the total amounts of materials applied during the entire 
period of operation on the field were prorated. The expense for limestone is 
reckoned here at $3 a ton, rock phosphate at $14, superphosphate at $28, bone 
meal at $48, and residues at 75 cents an acre. 

In considering the results it should be borne in mind that they are based 
upon only four years’ experience, a rather short period for drawing final con- 
clusions in this sort of experimentation; also that the soil of these plots is 
somewhat variable, with little provision for duplication; and that some of the 
treatments are not now strictly comparable with one another on account of the 
previous treatment of the plots. Nevertheless, making allowances for all of these 
facts, certain figures in the last column of the table indicate effects worthy of 
consideration. 

In answering the question whether other carriers of phosphorus would be 
as effective as the bone meal in building up this soil, attention is called to the 
results on Plots 2-N, 3-N, and 3-S, where bone meal, rock phosphate, and super- 
phosphate (acid phosphate) respectively have been employed in addition to 
limestone and residues. Unfortunately the comparison here is not altogether 
perfect in that the residues treatment on Plot 2-N was not introduced until 
1924, whereas the other two plots had been under residues in the old system 
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TaBLE 12.—BLOOMINGTON FIELD: New PuospHate EXPERIMENTS 
Crop Yields and Values 1924-1927—Bushels or (tons) and dollars per acre 


Serial Treatment 1924 1925 1926 1927 Average annual acre values 
plot Previous Present Cost of 
No. Oats | Clover | Wheat | Corn Gross eee Net 
Pee di tbebaiss\oe.sasnrs 9) Lhe eee 60.6 ( 29.3 49.8 $28.09 $ .75 $27.29 
1-S ees os ae asc tsieisieis cess 0s 58.4 (2 19.5 41.0 SOAS a ee oe 30.18 
BENE 4 be banter’ csapis.ss'e's RLP (bone) . 72.6 (1.63) 35.0 58.6 36.09 6.55 29.54 
2-S te ee Li ee 53.2 ( .75) 18.7 46.0 22.85 1.75 21.10 
SANG RBs oniea sins RLP (rock)....| 68.2 (2.18) 32.5 63.6 37.88 5.25 32.63 
3-S RD iscgess sis RLP (super)...} 71.3 (1.74) 41.0 67.6 39.80 4.55 35.25 
4-N | LP (bone)....| RLP (bone)!...| 57.6 (1.81) 37.3 60.0 35.74 7.75 27.99 
4-S LP (bone)....| RLP (bone)?...} 67.2 (1.89) 36.7 63.6 37.89 5.35 32.54 
5-N Bie os Cease RLKP (rock). . 63.2 (1. 66) 32.5 61.4 34.83 7.44 27.29 
5-S SSS Sisk atalars RLKP (super).} 78.4 (1.59) 40.7 69.4 40.26 6.84 33.42 
6-N | RLP (bone) ..| RLP (bone)!...} 68.8 (2.18) 40.5 60.8 39.89 7.75 32.14 
6-S RLP (bone) ..| RLP (bone)?...} 71.6 (2.21) 40.0 64.2 40.79 5.35 35.44 
JAN PRR... gass RLKP (rock)..} 71.2 11) 35.3 66.4 39.30 7.54 31.76 
7S Lun eres RLKP (super).} 80.9 66) 40.7 74.8 41.79 6.84 34.95 
8-N | LKP (bone) ..}| RLKP (bone)!.| 60.9 (1.69) 39.2 67.4 37.79 10.04 27.75 
8-S LKP (bone) ..| RLKP (bone)?.| 65.0 (1.59) 36.0 69.4 37.25 7.64 29.61 
9-N | RLKP (bone) | RLKP (bone)!.} 60.9 (2.18) 43.8 75.8 42.63 10.04 32.59 
9-S RLKP (bone) | RLKP (bone)?.} 72.2 (1.65) 41.5 77.8 41.51 7.64 33.87 
10-N | RKP (bone)..}| RKP (bone)!..| 48.2 (1.93) 45.7 56.6 37.32 9.04 28.28 
10-S RKP (bone)..| RKP (bone)?..} 51.2 (1.53) 43.0 60.6 35.97 6.64 29.33 
11-N @) RP (rock)..... 70.4 (1.68) 45.3 61.8 39.74 4.25 35.49 
11-S (8) RP (super)....| 60.0 (1.78) 44.5 63.0 38.88 3.55 35.33 


1Bone meal applications resumed in 1924. 2No bonemeal applied since 1917. %New plot added in 1924. 


before the present experiments were begun and may therefore have an advantage 
over the bone meal plot. However this may be, the results as they stand place 
both rock phosphate and superphosphate ahead of bone meal. 

It is interesting to observe that in the three plots giving the very highest 
net return (Plots 6-S, 11-N, and 11-S) all three forms of phosphate—bone meal, 
rock phosphate, and superphosphate—are represented in the respective treat- 
ments and the differences among the results are so small as to be negligible. 

Between rock phosphate and superphosphate four direct comparisons under 
varying conditions are afforded. On the new plots, 11-N and 11-S, no limestone 
has been applied and here the difference in the net returns from the two forms 
of phosphate is insignificant. 

In the other comparable tests between rock phosphate and superphosphate 
(Plots 3, 5, and 7) limestone is used in the combination, and in each ease the 
superphosphate has given the higher net return. Thus, as is so often the ease, 
limestone appears to exert a depressing effect upon the efficiency of rock phos- 
phate. In the final result, however, the simpler system of residues and phosphate 
appears to be fully as effective, so far as net value of crops per acre is con- 
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eerned, as the more complex systems in which limestone or limestone and potas- 
sium are included. 

On the whole, therefore, the data of these four years appear to furnish 
no conclusive evidence for discriminating among the three forms of phosphate. 

For light on the question of residual effect of accumulated phosphorus in 
the soil, attention is called to the results on Plots 4, 6, 8, 9, and 10, where the 
north half-plots are now regularly receiving bone meal, while the south halves 
have received none since 1917. Invariably the net return is higher on the south 
half, thus indicating that the reserve phosphate accumulated in the soil from 
previous applications is still exerting a beneficial effect that is more than ade- 
quate to offset the expense involved in renewed applications. 

By way of summarizing the main lessons brought out by the Bloomington 
experiments, the following statements may be made. 

1. The results indicate an outstanding phosphorus hunger. 

2. This phosphorus need is satisfied by the application of either bone meal, 
rock phosphate, or superphosphate. 

3. So far as the data from these particular experiments are concerned, 
there is no indisputable evidence for discrimination among these three carriers. 

4. On these plots there is a pronounced residual effect from previous ex- 
cessive applications of bone meal. 


THE ALEDO FIELD 
An experiment field on Brown Silt Loam On Clay is located in Mercer county 
just west of Aledo. This field has been in operation since 1910. From its physi- 
cal aspects this field should be well adapted to experimental work, the land being 
unusually uniform in topography and in soil profile. 
There are two general systems of plots and they are designated as the major 
and the minor systems. 


Experiments on the Major Series 

The major system comprizes four series made up of 10 plots each. The 
plots were handled substantially as described above for standard treatment until 
1918, when it was planned to harvest the first crop of red clover on the residues 
plots for hay and to plow down the second crop if no seed were formed. In 
1921 the return of the oat straw was discontinued. In 1923 the rotation was 
changed to corn, corn, oats, and wheat. In this rotation it was planned to seed 
hubam clover in the oats on all plots, for use as hay or for soil improvement, 
and common sweet clover in the wheat on the residues plots for use as a green 
manure. Since these changes, no residues except cornstalks and the green manure 
have been returned to the residues plots. The limestone applications were 
temporarily abandoned in 1923. No more will be applied until there appears 
to be a need for them. The phosphate applications were evened up to a total 
of 4 tons an acre in 1924, and no more will be applied on the west halves of these 
plots for some time at least. 

Table 13 presents a summary of the results showing the average annual 
yields obtained for the period beginning when complete soil treatment came into 
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Tasie 13.—ALEDO FIELD: Summary or Crop YiIELps 
Average Annual Yields 1912-1927—Bushels or (tons) per acre 


an Soil treatment Wheat | Corn Oats Clover | Soybeans pipes 
No. applied 13 crops | 21 crops | 16 crops| 6 crops 3 crops 1 crop 
1 ERM PR ata pc's os 30.0 55.8 OO (2.21) 1.60) (0.00) 
2 ‘Ml, ate) so eS 34.7 69.6 64.7 (2.74) (1.63) (0.00) 
3 li Deon oa oer 35.0 73.7 67 (3.12) (1.60) 1.65) 
APMIS ctiteets tho fies sss. 36.7 74.9 68.1 (3.05) (1.61) @evh) 
5 (Us .c8p eS CS CRORE 30.7 58.2 59.7 (2.00) (1.61) (0.00) 
6 dt, bes cine ee eee 31.4 64.3 60.7 (1.91) (1.65) (0.00) 
7 BE Se eM TR ola 0.0. vc 33.7 71.6 66.1 (1.79) (1.88) (1.20) 
8 ASE eres scares kl yar 74.1 67.4 (2.08) (2.03) (1.25) 
9 Leib RSS on ke Sr 37.3 75.4 69.7 (1.73) (2.09) (ioe) 
10 OR: 30.1 55.9 58.0 (2.38) (1.62) (0.00) 
Crop Increases 

IE OVOEIO: 2 oie ia ecise:s « 4.7 13.8 pal (58) (@a.03) (0.00) 
PRMOVORIO 6 clei. o- + « Av 6.1 1.0 |—( .09) ( .04) (0.00) 
Wilgiover VE... <<. =. wo All 3.0 ( .88) |—( .08) (1.65) 
TEPPOVED Te. ..ses: Paya Ths 5.4 |—( .12) Ge23) (1.20) 

MLP over ML....... Lad 1.2 .4 |—( .07) G00) ( .06) 

ee Over Hy ss... ss 4.0 2.5 1S .29) (S515) ( .05) 
RLPK over RLP..... — .4 ted 2.8 |—(..30) ( .06) (G32) 


1Hubam clover was grown on Plots 3 and 4, biennial white sweet clover on Plots 7, 8, and 9. 


sway. The lower section of this table gives comparisons in terms of crop increases 
intended to indicate the effect of the different fertilizing materials applied. 

In looking over these results we may observe first the beneficial effect of 
animal manure on all crops, but especially marked on the corn. This suggests 
the advisability of carefully conserving and regularly applying all stable manure 
produced on the farm. Residues alone have been beneficial for corn but have 
shown little effect on the other crops of the rotation. 

Limestone has been more effective applied with residues than with manure. 
An interesting fact not brought out in these averages is that the beneficial effect 
has increased in the later years. 

The addition of rock phosphate to the treatment has had very little effect in 
the manure system. Somewhat more favorable are the results in the residues 
system, but even here the margin of profit on these crop increases is too narrow 
to assure the profitable use of rock phosphate applied in the manner of these 
experiments. However, the economic story has not all been told, for the applica- 
tion of lime and phosphate on these plots has been discontinued in order to ob- 
serve the residual effects, and the results of the next few years, will be awaited 
with great interest. 

For the effect of potassium treatment (K) Plots 8 and 9 may be compared. 
No significant response appears as the result of applying potassium, so far as 
these common field crops show. 

A number of problems have arisen out of the experience on this and other 
experiment fields which call for some revision of the investigations described 
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above, and accordingly certain changes have been made in the conduct of these 
plots which are intended especially to throw more light upon the problems of 
liming and applying phosphorus. (See Soil Report No. 29). 


Special Phosphate Experiments 

The so-called minor system of plots on the Aledo field is given over to a 
comparison of the effectiveness of different carriers of phosphorus. 

In this experiment each series contains four plots. Plot 1 receives residues 
treatment only; Plot 2 receives residues and phosphorus in one of the forms 
under test; Plot 3 receives residues, limestone, and phosphorus; and Plot 4 is 
similar to Plot 3 with phosphorus omitted. On one series steamed bone meal 
is used as the carrier of phosphorus and is applied at the rate of 200 pounds 
per acre per year. On another series superphosphate (acid phosphate) is ap- 
plied at the yearly rate of 33314 pounds per acre. On a third series rock phos- 
phate serves as the source of phosphorus, applied at the rate of 66624 pounds 
per acre yearly, and on the last series, basic slag phosphate is applied at the 
rate of 250 pounds per acre yearly. 

A summary of the yields on these plots is given in Table 14. The differ- 
ences in crop yields presumed to have resulted from applying the various forms 
of phosphatic fertilizers will be found in Table 15 for the twelve crops harvested 
since the beginning of the applications up to 1927. In computing these com- 
parisons each phosphate plot is compared with its neighboring non-phosphate 
plot. 

Aside from the soybeans, the figures show without exception more or less 
crop increase on the phosphorus plots, no matter what the form of earrier em- 
ployed. 


TaBie 14.—ALEDO FIELD: PuospHats EXPERIMENT 


General Summary—Average Annual Yields 1916-1927 
Bushels or (tons) per acre 


Plot : Wheat Corn Oats Clover | Soybeans! 
N Soil treatment applied 
o: 2 crops 5 crops 3 crops 1 crop 1 crop 
DS OWE Eyl start yer amuetevencenit Pach 38.2 60.4 66.1 (2.88) 18.9 
SO2Zs |e. DONE Meal sewers st Ae ase 47.0 72.0 76.2 (3.25) 19.0 
503) | RL; bone meal.....2.... 2. 48.8 73.9 72.4 (3.48) Se, 
OA Li 3 40s =the eer ee, Awe 38.8 68.0 64.2 (2.61) 22.6 
GOL NAR SP ce ee eerie ee 38.1 61.1 67.6 (3.17) 19.5 
602 | R, superphosphate?......... 49.4 69.6 74.9 (3.23) 18.7 
603 | RL, superphosphate?....... S1e3 72.4 (ng (3.53) 23.1 
GOL EC Lit stk oer a tee ae ty: 40.0 66.7 65.3 (3.06) 24.6 
OME Sento. rere thes OER Oa eitcke ae c 39.5 62.8 67.5 (3.41) 20.8 
702 | R, rock phosphate......... 48.0 71.6 2ae (3.60) 23.3 
703 | RL, rock phosphate........ 47.1 (P35) 67.4 (3.82) 28.1 
OSS OR a se omens acces 41.4 68.8 65.6 (8.15) 26.9 
a Bonita Ste ee 39.8 60.2 57.9 (2.62) 18.0 
7 Slag DHOSphate sar eer 49.1 69.4 73.4 (3.66) 20.6 
803 | RL, slag phosphate........ 52.2 72.4 67.5 (3.63) 23.7 
SOM air os cece ae eee ae aan 40.8 65.0 63.7 : 8 


1No residues were applied for this crop. Acid phosphate. 
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TasBie 15—ALEDO FIELD: Averact ANNUAL Crop INCREASES PRODUCED BY THE VARIOUS 
Forms oF PHOSPHATE, AND THEIR VALUE, ComMpuUTED FROM YIELDS IN TABLE 14 


Bushels or (tons) per acre 


Wheat Corn Oats Clover Soy- Value | Cost of | Profit Profi 
Comparison of beans of phos- from oes 
treatments increase | phate 1B 2 RING 
2 crops | 5 crops | 3 crops 1 crop 1 crop | 12 crops | 12 years | 12 crops Per veou 
Bone meal, residues, over resi- 
CW Ce: Paris Sas On eer ie 8.8 11.6 10.1 ( .37) Al! $78.02 $48 $30.02 $2.50 
Bone meal, residues, lime, 
over residues, lime........ 10.0 5.9 8.2 ( .87) 6 66.97 48 18.98 1.58 
Superphosphate!, residues, 
OVEN ITORIAN ESD. stclislele cys iiere ss 11.3 8.5 7.3 ( .06) |— .8 64.42 48 16.42 1.37 
Superphosphate!, residues, 
lime, over residues, lime...} 11.3 5.7 6.0 ( .47) |-— 1.5 58.03 48 10.03 . 84 
Rock phosphate, residues, 
over residues............. 8.5 8.8 4.7 ( .19) 2.5 62.37 48 14.37 1.20 
Rock phosphate, residues, 
lime, over residues, lime... 5.7 3.7 1.8 ( .67) 1.2 39.60 48 |— 8.40 |— .70 
Slag phosphate, residues, 
DS OUCH SOSIOUOS ay .carereieie)a.e-s /a)o.0 9.3 9.3 15.5 (1.04) 2.6 91.00 30 61.00 5.08 
Slag phosphate, residues, 
lime, over residues, lime...| 11.4 7.4 3.8 ( .64) 1.9 68.89 30 38.89 3.24 


1Acid phosphate. 


Attention has already been called to the difficulties in making exact com- 
parisons of this nature on account of fluctuating prices of both farm products 
and fertilizer materials. However, a set of arbitrary prices may be assumed 
and for the present purpose values similar to those used in calculating the re- 
sults from the Kewanee field will be employed. In the following comparisons, 
wheat is placed at $1.20 a bushel; corn, at 68 cents; oats, at 40 cents; soybeans, 
at $1.50; and hay at $14 a ton. For the cost of the phosphatic materials, the 
following estimates are used: bone meal, $40 a ton; superphosphate (acid phos- 
phate), $24; rock phosphate, $12; and slag phosphate, $20. These values seem 
to be conservative enough, and furthermore, it may be pointed out that the 
quantities of phosphatic fertilizer employed in these experiments are, with the 
possible exception of slag phosphate, greater than ordinarily would be used, 
or need be used, in good farm practice. 

The total value of all crop increases for the twelve years is shown in Table 
15, as is also the total cost of the phosphates applied and from these figures 
are derived the average annual acre profits shown in the last column of the table. 

Reckoned on the basis of the above prices, it appears that the slag phosphate 
has furnished the most profitable returns of the four phosphorus earriers in the 
test, producing an average profit of $5.08 an acre yearly where applied without 
limestone, and $3.24 where applied with limestone. Bone meal has given an 
average profit of $2.50 applied without limestone and $1.58 applied with lime- 
stone. Superphosphate (acid phosphate) has returned $1.37 used without 
limestone and 84 cents used with limestone. Rock phosphate has produced the 
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lowest money returns, giving a profit of $1.20 an acre a year applied without 
limestone and a loss of 70 cents used with limestone. . 

No consideration is given here to the relative phosphorus reserves which 
should have accumulated in the soil. In considering these figures let it be em- 
phasized again that the order of these values might easily be shifted by a rel- 
atively small change in commodity prices. 

We may next consider the results from the standpoint of limestone, which 
was applied at the rate of 4 tons an acre to Plots 3 and 4 of the minor series 
in 1912, when the land was still under alfalfa. Another dressing of 2 tons 
an acre was added in 1917, after the present experiments were under way. The 
effect of this limestone, in terms of crop increase, is set forth in Table 16. 

In estimating the financial results for the use of limestone, it is to be noted 
that altho 6 tons an acre have been applied in the last sixteen years, only the 
last 12 crops are involved in these particular experiments. For the present 
purpose, therefore, it may be considered that three-quarters of the total amount 
applied, or 41% tons, is chargeable to the 12 crops under consideration. At the 
rate of $2 a ton the cost of the limestone, is therefore $9, to be charged against 
the value of the total crop inereases for the twelve years included in this ex- 
periment. Figured in this manner we find a profit of $1.73 an acre a year for 
limestone applied without phosphate of any kind. Where limestone was applied 
with bone meal, the limestone profit was 56 cents an acre a year, and with super- 
phosphate (acid phosphate) it was 96 cents. Used with rock phosphate, the 
crop increases were so small that a loss of 30 cents an acre a year was sustained, 
and with slag phosphate there was a gain of 48 cents an acre a year. 

In view of the possible experimental error which is always involved in plot 
experiments of this sort, these margins of profit cannot be considered very 


TasBLeE 16.—ALEDO FIELD: Averact ANNUAL Crop INCREASES PRopDUCED BY LIMESTONE 
AND THEIR VALUE, CoMPUTED F'Rom YIELDS IN TABLE 14 


Bushels or (tons) per acre 4 


Wheat Corn Oats Clover Soy- Value | Cost of | Profit Profit 
Comparison of beans of lime- from | per acre 
treatments increase} stone per year 
2 crops | 5 crops | 3 crops | 1 crop 1 crop | 12 crops|12 years | 12 crops 


Limestone, residues, over 
MOBIOTOS © /arexeiarviace.'e siblarntereee 1.4 6.0 |— .1 |—(.07) 4.7 $29.71 $9 $20.71 $1.73 


Limestone, residues, bone 
meal, over residues, bone 
MGA ferns nn sPishye es eo eee 1.8 1.9 |-— 3.8 ( .28) 4.2 15.74 


Limestone, residues, super- 
phosphate!, over residues, 
superphosphatel.......... 1.9 2.8 |— 3.6 ( .30) 4.4 20.54 


Limestone, residues, rock 
phosphate, over residues, 
rock phosphate........... — 9 9 |— 4.8 ( .22) 4.8 5.42 


Limestone, residues, slag 
phosphate, over residues, 
slag phosphate........... 3.1 3.0 |— 5.9 |—( .03) 3.1 14.79 


1Acid phosphate. 
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pronounced. The Aledo field, however, represents one of those borderline cases, 
so to speak, in which the upper soil is only slightly acid and the lime require- 
ment, therefore, is not yet very marked. As time goes on, however, and cropping 
continues, a greater need of lime may develop. It is planned to discontinue 
liming on these plots until its need becomes manifest, and in so doing the annual 
cost of the limestone already applied will become automatically reduced, so 
that net returns may possibly, sooner or later, become substantially increased. 


THE HARTSBURG FIELD 

A University soil experiment field representing Black Clay Loam is located 
in Logan county just east of Hartsburg. This field was established in 1911 and 
embraces 20 acres. The soil is uniform with the exception of a small area in the 
northwest part of the field which on the detailed map is identified as of the type 
Brown Silt Loam On Clay. A thoro system of tile has been installed whereby 
good drainage has been effected. 

The somewhat standard rotation, including alfalfa and the soil treatment 
methods described on pages 43 and 44, were established on the five series of plots. 
These methods were followed without change until 1918, when it was planned to 
remove one hay crop and a seed crop of clover from the residues plots. In 1921 it 
was decided to harvest all the clover as hay. At that time the return of the oat 
straw was discontinued. In 1922 the return of the wheat straw was discontinued. 
The only residues plowed under since that time have been the cornstalks, and the 
green sweet clover before the corn. On this field the sweet clover has grown 


Tasie 17.—HARTSBURG FIELD: Summary or Crop YIELDS 
Average Annual Yields 1913-1927—Bushels or (tons) per acre 


Wheat | Corn Oats Clover Soybeans | Alfalfa Stubble clover 
Serial 

plot Soil treatment Gommon 
No. applied Hubam sweet clover 

13 crops | 22 crops | 15 crops 7 crops 2 crops 8 crops 1 crop 1 crop 

1 Over cohetiatateleisue'ss 24.9 48.4 46.1 (1.84) (1.29) (3.47) CF. 83) ae ar aate 

2 Wik teiate sci stecs ohare 29.2 58.0 51.6 (2.16) (1.64) (3.67) CUS1G) is |W aerate 

3 AVE, Ye care fescue eto 34.0 64.2 57.4 (2.32) (1.82) (3.91) CEEOL ale ersetene 

4 IMGs atisers:s  a\elsisie 36.2 63.4 56.8 (2.39) (1.92) (4.19) LT) oh Petters 

5 an Oodcoataden ge 29.7 53.7 45.4 (1.28) (2.58) (3.33) Kn ceL) ie lia bratelscarete 

6 Riiafervicreee. fare. arene 32.7 63.3 53.4 (1.67) (2.68) (3.78) ( .75) ( .85) 

7 Be teste ais cums 30.1 66.8 51.6 (1.64) (2.84) (3.45) ( .68) ( .75) 

8 EUG Per ashlenarvane a0) 34.3 66.8 55.1 (1.79) (2.61) (4.04) ( .72) ( .90) 

9 UEC c) ctettiescicie +\s!s 33.4 65.2 54.5 (1.70) (2.64) (4.16) ( .80) (1.00) 

10 (USA rere coeectie ec 30.5 52.7 47.1 (2.02) (1.69) (3.20) C505) ar rsteteeeeste 

Crop Increases 

Mover O........... 4.3 9.6 5.5 ( .32) ( .35) ( .20) (32) Veron. 

ROven'Oanrics cr: 3.0 9.6 8.0 ( .39) ( .10) ( .45) (5.04). ll eee 

ML over M....... 4.8 6.2 5.8 ( .16) ( .18) (pe U ( a7 eS eeriiecaic 

Riioverthicss0 2 — 2.6 3.5 |— 1.8 |—( .08) ( .16) —( .33) —( .07) |—( .10) 

MLP over ML.... 22) Se ei— «6 ( .07) (a0) ( .28) (GFi28) FF eesararetens 

RLP over RL..... 4,2 0.0 3.5. ( .15) —( .28) ( .59) ( .04) ( .15) 


RUC Movemier a= oso vi— 120 7|— .6 |—( .09) ( .93) ( .12) ( .08) ( .10) 
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satisfactorily on the unlimed plots. The application of limestone was also dis- 
continued in 1922 after amounts ranging from 714 to 10 tons an acre on the 
different series had been applied, and no more will be added until further need 
for it becomes apparent. In 1923 the phosphate applications were evened up 
to 4 tons an acre on all plots, and no more will be applied for an indefinite period. 
At that time the rotation on Series 100, 200, 300, and 400 was changed to corn, 
corn, oats, and wheat, with a seeding of hubam clover in the oats on all plots, and 
a seeding of biennial sweet clover in the wheat on the residues plots. On Series 
500 the rotation was changed to corn, oats, wheat, and a mixture of alfalfa and 
red clover for one year. 

The outstanding feature of the results of the Hartsburg field is the large 
inerease in yields produced by organic manures, whether they be in form of 
crop residues (R) or of stable manure (M). 

The behavior of limestone (L) on this field presents a peculiarity difficult to 
explain in that limestone has been much more beneficial where applied with 
animal manure than where used with residues: With the exception of a single 
crop, limestone used with manure shows considerable increase and has given 
profitable returns on the investment, while in the residues system the effect 
of this material on several of the crops appears as negative and its use in this 
system has been attended by a financial loss. 

Rock phosphate (P) has found its most effective place in these experiments 
in the production of wheat and of alfalfa, particularly in the residues system, 
but its effect on the other crops has been so indifferent that, on the whole, the 
use of this material has not proved profitable on this field. 

The addition of potassium (K) in the combinations here employed has like- 
wise been ineffective. 

In 1924 these plots were divided and some new treatments designed to 
furnish further information regarding the effect of phosphorus fertilizers on 
this soil were introduced. The west halves were continued under the old treat- 
ments except that the phosphate applications were discontinued indefinitely 
after a total of 4 tons an acre of rock phosphate had been applied. These 
later experiments have scarcely continued long enough, however, to furnish 
results of sufficient reliability for discussion at this time. 


THE VIENNA FIELD 

Morgan county, as indicated in the descriptions of certain of its soil types, 
includes considerable land that is subject to destruction thru erosion or washing. 
Yellow Silt Loam, which occupies about 80 square miles in the county, is 
particularly susceptible to this kind of damage. Operators of land in Morgan 
county will therefore be interested in experiments conducted on the Vienna field, 
in Johnson county, to test out different methods of reclaiming badly gullied 
land and preventing further erosion. 

The Vienna field is representative of the sloping, erodible land so common 
in the extreme southern part of the state. When the experiments were started 
the whole field, with the exception of about three acres, had been abondoned be- 
cause so much of the surface soil had washed away, and there were so many gullies 
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Fic. 11. -Proprer Soin AND CROPPING METHODS WOULD HAVE PREVENTED THIS CONDITION 


This abandoned hillside is just over the fence from the field shown in Fig. 12. Yellow 
Silt Loam is particularly susceptible to this kind of damage. 


that further cultivation was unprofitable. For the purpose of the experiments 
the field was divided into different sections (see Table 18). These were not 
entirely uniform; some parts were much more washed than others, and portions 
of the lower-lying land had been affected by soil material washed down from 
above. The higher land had a very low producing eapacity ; on many spots little 
or nothing would grow. 

Limestone was applied to the entire field at the rate of 2 tons an acre. Corn, 
cowpeas, wheat, and clover were grown in a four-year rotation on each section 
except the one designated as D, which included but three plots. 


Fic. 12.—Corn GROWING ON AN IMPROVED HILLSIDE OF THE VIENNA EXPERIMENT FIELD 


This land had formerly been badly eroded. It was reclaimed by proper soil treatment 
and cropping. Compare with Fig. 11. 
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TaBLEe 18.—VIENNA FIELD: Hanpuine Hitusipe LAND To PREVENT EROSION 
Average Annual Yields, 1907-1915—Bushels or (tons) per acre 


Corn Wheat Clover 


Section Method 7 crops 7 crops 8 crops 
Sai... eee 31.4 9.0 | ( .68) 
B Embankments and hillside ditches............... 32.4 12.7 ( .97) 

C Organic matter, deep contour plowing, and con- 
tour: plantings ows io nge caeG.ss cs ot a etoe pester 27.9 LE ( .80) 
D (O)nt ol Cae nly een La Oi Ren PR RINE aa he et 14.1 4.6 C21) 


Section A included the steepest part of the field and contained many gullies. The land 
was built up into terraces at vertical intervals of 5 feet. Near the edge of each terrace a small 
ditch was placed so'that the water could be carried to a natural outlet without much washing. 

Section B was used to test the so-called embankment method. Ridges were plowed up 
which were sufficiently high so that when there were heavy falls of rain the water would break 
over and run in a broad sheet rather than in narrow channels. At the steepest part of the 
slope, hillside ditches were made for carrying away the run-off. 

Section C was washed badly but contained only small gullies. Here the attempt was made 
to prevent washing by incorporating organic matter in the soil and practicing deep contour 
plowing and contour planting. With two exceptions, about 8 loads of manure an acre were 
turned under each year for the corn crop. 

Section D was washed to about the same extent as Section C. It was farmed in the most 
convenient way, without any special effort to prevent washing. 


Careful records were kept for nine years. The results, summarized in Table 
18 indicate something of the possibilities in improving hillside land by protecting 
it from erosion. The average yield of corn from the protected series (A, B, and 
C) was 30.6 bushels an acre, as against 14.1 bushels on the check series (D). 
Wheat yielded 11.1 bushels on the protected series, in comparison with 4.6 
bushels on the check, and clover yielded 44 of a ton on the protected series and 
but 14 of a ton on the check. 

Figs. 11 and 12 serve further to indicate what may be done with this type 
of soil even after it has become badly washed and gullied. 

Altho these results show in principle the possibility of improving this land, 
it cannot be said that the experiments as conducted represent directly the most 
economical system of farming. However, it appears possible that by modifying 
the cropping plan in some manner, as for example, substituting sweet clover for 
cowpeas and giving large place in the farming system to hay and pasture crops, 
production might be substantially increased and thus a system of farming in- 
stituted that would represent a profitable enterprise. 


THE OQUAWKA FIELD 


Since there are considerable areas of Dune Sand, Terrace, in Morgan 
county, experiments on that type conducted by the University in Henderson 
county near the Mississippi river, will be of interest. The field was established 
in 1913. It is divided into six series of plots. Corn, soybeans, wheat, sweet clover, 
and rye, with a catch crop of sweet clover seeded in the rye on the residues plots, 
are grown in rotation on five series, while the sixth series is devoted to alfalfa. 
When sweet clover seeded in the wheat fails, cowpeas are substituted. Table 19 
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TaBLe 19.—OQUAWKA FIELD: Summary or Crop YIELDS 
Average Annual Yields 1915-1927—Bushels or (tons) per acre 


Serial Soil Corn Soy- Wheat Rye Sweet | Alfalfa 

plot oF ga beans! clover? 

No. poe 18 crops | 13 crops | 13 crops | 11 crops| 9 crops | 10 crops 
1 (We, oodaa b od 06. o a eee 19.9 10.0 Sid 12.6 0.00 ( .44) 
2 IM, aie. o oa 0100. SIO cree er 25.4 12.0 12.0 14.5 0.00 (1.16) 
3 PNG SRNMT MYON A Sars eo is.ci, 0.2%. 010 34.8 16.4 UG ll 24.9 1.09 (2.49) 
+ INCL tlc 2 OG Boke ae 34.2 15.8 17.3 23.8 1.13 (2.57) 
5 Dy, tthe Behe Oo ae 19.4 Thre, 10.8 eZ 0.00 ( .66) 
6 eI RI TIAYS fs ies cree 3% 21.1 8.3 12.5 11.6 0.00 (572) 
Gi LE SS = cia royce ene ene 36.6 12.0 16.1 24.0 1.43 (2.23) 
8 EP ee POO ie cats ivifoyo. ysis .a' soe 8 36.4 12.7 16.6 24.0 1.32 (2.24) 
9 [ou WARA. 5 oA Ae ee ee 38.4 12.5 16.0 25.7 1.52 (2.29) 
TOE TTL(O6 Sok Se eee 18.4 7.2 10.0 9.0 0.00 ( .48) 

Crop Increases 
MIR OWEMNU gr ic)s eos sve tn 5.5 2.0 3.3 1.9 0.00 Gai) 
Thy. Se UL den 6 Oe ee alsys 4 WES 4 0.00 ( .06) 
LUC DOS (3 OO (i 9.4 4.4 5.1 10.4 1.09 (1.33) 
EP PROMCIU cS 8 ig csc a scree 15.5 3.7 3.6 12.4 1.43 (152) 
PMO VER EMU. sc vce we ans — .6 |j-— .6 2 |— 1.1 .04 ( 212) 
AGRO WET OEWL coc ace 2s eee 8 — .2 aiff hi 0.0 |-— .11 ( .01) 
MEP Kover RUP. 3... 2. 200 (=) 320.6 Lest .20 ( .05) 


1Hleven regular crops, together with the extra crop described in the following footnote, aver- 
aged as 11 crops. Several crops which were harvested as seed are evaluated in this summary as 


hay. 
*Some hay evaluated as seed. In 1918 the sweet clover was killed by early cutting for a hay 


crop. Soybeans were seeded in July and the ensuing crop is included in the soybean average. 


indicates the kinds of treatment applied. The amounts of the materials used 

were in accord with the standard practice, as explained on pages 43 and 44. 
Limestone (L), it will be noted, has had a remarkably beneficial action on 

this sand soil. Where it has been used in conjunction with crop residues, the 


’ yield of corn has been practically doubled. It has also produced good crops of 


\ 


' started, but if we take an average of the last five crops the yield rises to 39.5 


rye and fair crops of sweet clover and alfalfa. 

This land appears to be quite indifferent to treatment with rock phos- 
phate (P). The analyses show, however, that the stock of phosphorus in this 
type of soil is not large; and as time goes on and the supply diminishes under 
the production of good-sized crops, the application of this element may become 
profitable. It is also quite possible that a more available form of phosphate could 
be used to advantage on this very sandy soil. 

The slight increases or decreases from the use of potassium (K) can 
seareely be considered significant. . 

A significant fact which the above summary does not bring out is that im- 
provement in crop yields under favorable treatment has been progressive, as 
evidenced by a marked upward trend in production after the first few years. 
The yield of corn, for example, under the limestone-residues (RL) treatment, 

_ has been 36.6 bushels an acre as an average for the 13 crops since full treatment 
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bushels. Likewise the wheat under this same treatment gives for the 13-year 
average 16.1 bushels, but for the last five years has given 22.8 bushels. 
Experience thus far shows rye to be better adapted to this land than wheat, 
and both alfalfa and sweet clover grow better than soybeans. , With these two 
legume crops thriving so well under this simple treatment, we have promise of 


great possibilities for the profitable culture of this land, which hitherto has been 
considered as practically worthless. 


Manure Manure and limestone 
Yield: Nothing Yield: 4.43 tons per acre 


Fig. 13.—ALFALFA ON THE OQUAWKA EXPERIMENT FIELD 
These pictures show the possibility of improving this unproductive sandy land. Both 
plots were seeded alike to alfalfa. Where manure alone was applied, the crop was a total 


failure, but where limestone in addition to manure was applied, nearly 4% tons of alfalfa 
hay was obtained as the season’s yield. 
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The Soil Survey of Illinois was organized under the general supervision 
of Professor Cyril G. Hopkins, with Professor Jeremiah G. Mosier directly 
in charge of soil classification'and mapping. After working in association 
on this undertaking for eighteen years, Professor Hopkins died and Profes- 


sor Mosier followed two years later. The work of these two men enters so 
intimately into the whole project of the Illinois Soil Survey that it is im- 
possible to disassociate their names from the individual county reports, a, 
Therefore recognition is hereby accorded Professors Hopkins and Mosier for 
their contribution to the work resulting in this publication. °° 
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INTRODUCTORY NOTE 


It is a matter of common observation that soils vary tremendously in their 
productive power, depending upon their physical condition, their chemical com- 
position, and their biological activities. For any comprehensive plan of soil 
improvement looking toward the permanent maintenance of our agricultural 
lands, a definite knowledge of the various existing kinds or types of soil is a 
first essential. It is the purpose of a soil survey to classify the various kinds of 
_ soil of a given area in such a manner as to permit definite characterization for 
description and for mapping. With the information that such a survey affords, 
every farmer or landowner of the surveyed area has at hand the basis for a 
rational system of improvement of his land. At the same time the Experiment 
Station is furnished an inventory of the soils of the state, upon which intelli- 
gently to base plans for those fundamental investigations so necessary for solving 
the problems of practical soil improvement. 

This county soil report is one of a series reporting the results of the soil 
survey which, when completed, will cover the state of Illinois. Each county 
report is intended to be as nearly complete in itself as it is practicable to make 
it, even at the expense of some repetition. There is presented in the form of an 
Appendix a general discussion of the important principles of soil fertility, in 
order to help the farmer and landowner to understand the significance of the 
data furnished by the soil survey and to make intelligent application of the 
same in the maintenance and improvement of the land. In many eases it will 
be of advantage to study the Appendix in advance of the soil report proper. 

Data from experiment fields representing the more extensive types of soil, 
and furnishing valuable information regarding effective practices in soil manage- 
ment, are embodied in the form of a Supplement. This Supplement should be 
referred to in connection with the descriptions of the respective soil types found 
in the body of the report. 

While the authors must assume the responsibility for the presentation of 
this report, it should be understood that the material for the report represents 
the contribution of a considerable number of the present and former members 
of the Agronomy Department working in their respective lines of soil mapping, 
soil analysis, and experiment field investigation. In this connection special 
recognition is due the late Professor J. G. Mosier, under whose direction the soil 
survey of Douglas county was conducted, and Mr. F’. A. Fisher, who, as leader of 
the field party, was in direct charge of the mapping. 
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DOUGLAS COUNTY SOILS 


By R. 8. SMITH, HE. E. DeTURK, F. C. BAUER anv L. H. SMITH" 


Douglas county is located in the east-central part of Illinois. It lies well 
toward the southern end of the most recently glaciated area—that of the early 
Wisconsin. The major portion, 87 percent, of the county is covered with pro- 
ductive, dark-colored prairie soils. The agriculture is typically that of the corn- 
belt region. Douglas is a relatively small county, having an area of only a little 
more than 400 square miles. 


The climate of Douglas county is typical of central Illinois. It is charac- 
terized by a wide range between the extremes of winter and summer and by an 
abundant, well-distributed rainfall. Since there is no Weather Bureau station 
in Douglas county, data taken from Urbana in the adjoining county of Champaign 
are of interest. The greatest range in temperature at Urbana for any one year 
during the period from 1903 to 1927 was 122 degrees in 1905 and again in 1918. 
The highest temperature recorded is 103° in 1913; the lowest, 25° below zero in 
1905. The average date of the last killing frost in spring is April 26; the earliest 
in the fall, October 16. The average length of the growing season is 173 days. 

The average annual rainfall, as recorded for this 24-year period at Urbana, 
was 34.50 inches. The average rainfall by months for this period was as follows: 
January, 2.11 inches; February, 1.82; March, 3.36; April, 3.77; May, 3.80; 
June, 3.21; July, 2.89; August, 3.57; September, 3.18; October, 2.56; Novem- 
ber, 2.13; December, 2.11. 


INCHES OF RAINFALL 
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Fig. 1—THe AVERAGE MONTHLY DISTRIBUTION OF RAINFALL 
In DouGLas CouNnTY 
It will be noted that the more abundant rainfall occurs mainly during the 
growing season. This, of course, is favorable to crop production. 


1R. S. Smith, in charge of soil survey mapping; E. E. DeTurk, in charge of soil analysis; 
F. C. Bauer, in charge of experiment fields; L. H. Smith, in charge of publications. 
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AGRICULTURAL PRODUCTION 


Douglas county is agricultural in its interests. A very large proportion 
of the area of the county is suitable for the production of crops. According 
to the Census of 1925 there were 1,579 farms in the county at that time, 
which represents a decrease of 446 farms in twenty-five years. About 56 per- 
cent of the farms in 1925 were operated by tenants, an inerease of about 8 
percent in twenty-five years. 

The principal crops are those common to the corn belt, as shown by the 
following figures from the 1925 Census. 


Crops Acreage Production Yield per acre 
Corns MOvelvACrCAP Cretan sles) er 103,038 8 a eis ne 
Harvested: Lor grant. =. aces. mls 101,116 3,972,565 bu. 39.3 bu. 
Cut eLOT PSUS OC sre ct. claois tiie eel 300 2,399 tons 7.99 tons 
Cut for LOMGOL Aor creo letyo sneer EES 6 fo ocoD 
or meds Ofte, Meisisns tawtaale aentake YUM se 
SVU OS tek dis. sie! shay s cuetriseete Sp ver sieterelennae 21,769 444,508 bu. 20.4 bu. 
Oats threshed for grain........... 38,747 1,564,963 bu. 40.4 bu. 
Oats cut and fed unthreshed....... SEM 9 feces 
JMINO yy Ae eo ODS Mopkadotatlo vo CUr 2,109 . .  ae:2,creiety tnaniets 
Timothy and clover mixed........ 2,386 =o a: oe 10) 
LOVER: coh eee svatais die orshe ere etahenietana 6,465 - ‘ave a ar 
PANT ANE S30 a, Gite 5 oauckastelercuye areiera siete 942 = ose ia'o sn) 0 01 
Hay of all kinds, both tame and wild 15,434 20,015 tons 1.30 tons 


Broom corn is also an important crop in this county, tho the total area de- 
voted to it is not large, having averaged about 4,300 acres during 1924, 1925, and 
1926, with an average yield of 525 pounds to the acre. The acreage of sweet 
clover in Douglas county has increased from 500 in 1919 to 20,000 in 1927. 
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Fig. 2.—RELATIVE ACREAGE OF FIELD Crops IN DouGLAS COUNTY 


The diagram brings out the preponderance of land devoted to the three 
grain crops, corn, oats, and wheat. Legume crops might well occupy a 
larger proportion of the cultivated acreage (data from the 1925 census). 


CORN 


The U. S. Department of Agriculture reports the following average acre- 
yields for the ten-year period 1916-1925: corn, 35.3 bushels; oats, 32.2 bushels; 
tame hay, 1.43 tons; winter wheat, 18.9 bushels. 

The total value of all livestock and livestock products produced in 1924 was 
$2,397,316. The following figures, taken from the 1925 Census, show the char- 
acter of the livestock interests in the county. 
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Animals and Animal Products Number Value 
Prat MME et ccc el clsve16rs 1075's, 05 Wi) 0151s S G2! 56 oyste!e ie 6 sei 9,218 $541,656 
PSaa NC HP MEMOME EE ofa) Soo cio seis deve nae e wher wisiie el wrevesaie¥el s 1,058 73,844 
Bai ER MIREOTEEOD) Ee 9 ic rs icllgie ie a) > (oats a lw wiajeveveloisislele'e"s 4s 12,597 498,075 
EU OME sar. o'cXa 0. 5i6 $5 Go oisls Sek 0 8 6-sins ewe e 6 AOS tie | eves 
A VMI US| ci fare) ca) 8 9 nici s.'el sis ease7s ole 6 visiele sve ues Sis 189,186 
SHAG) MOMENTS of ee o.5,01's5¢, o's 5 4) silares 6,656 :4.0 oleae eels slo's 3,412 33,208 
SHENG. . 0 5) COS SOU OOO OCOD ROE noes Tc 37,631 448,667 
RBG ONO'S), aero ws c'sie'e o.oo nies cee seis en eeie Sr 435,870 
VNOGU 2 4. oo: 6 OGG RESALE eee ec eaear HOE 7,922 


SWINE $448,667) 


BEEP $33,208 


CATTLE ($498,075) 


HORSES ($541, 656) 


Fie. 8—RELATIVE VALUE OF THE MoRE IMPORTANT 
CLASSES OF FARM ANIMALS IN DouGLAS CouNTY 


Horses, cattle, and swine are about equal in value. 


SOIL FORMATION 
GEOLOGICAL ASPECTS 


One of the most important periods in the geological history of the county, 
from the standpoint of soil formation, was the Glacial period, during which and 
immediately following, the material that later formed the mineral portion of the 
soils was being deposited. During the Glacial period, great ice sheets moved 
southward from the centers of accumulation in Labrador, in the Hudson Bay 
region, and in the northern Rocky mountains. Six great ice movements are gen- 
erally regarded to have taken place, each of which covered a part of northern 
United States, altho the same parts were not covered during each advance. 

At least two of these great glacial advances designated as the Illinoian and 
early Wisconsin, covered the area that now constitutes Douglas county. The 
glacial debris, known as till or drift, deposited by the Illinoian ice sheet, was 
buried by the debris deposited by the more recent early Wisconsin ice sheet. 
Altho the Illinoian drift does not enter into the actual composition of the soils 
of Douglas county, yet the Ilinoian glaciation probably had an important effect 
on the agricultural value of the soils of this county in that it acted as a leveling 
foree, rubbing down the preglacial hills and filling the preglacial valleys. 


4 Som Report No. 43 


’ The soil material of Douglas county is of glacial origin. This material has 
been reworked by water and wind since the retreat of the last ice sheet. On the 
higher ridges and steeper slopes erosion has removed the finer soil material 
nearly as rapidly as it has formed and has deposited much of it on the low-lying, 
nearly level areas. This action has resulted in youthful soils with little of the 
horizon development explained below. 


PHYSIOGRAPHY AND DRAINAGE 


Douglas county is relatively flat except on the morainal ridges in the north- 
castern and southeastern parts of the county and along narrow belts adjacent 
to the Embarras and Kaskaskia rivers and their tributaries. 

The lower iving portions of the county were swampy until drained by dredge 
ditches and tile. The swampy condition that prevailed during the period of 
development of these soils has resulted in the drab and gray color of the lower 
portions of the profiles. The drainage of the western part of the county is car- 
ried by the Kaskaskia river, while that of practically the entire portion of the 
county east of a north-south line running about a mile west of Arcola is earried 
by the Embarras river. 

The following altitudes indicate the low gradient of the streams in the 
county. For example, the difference in elevation between Villa Grove and Ca- 
margo, both located on the Embarras river, is 10 feet. The distanee between 
these towns is 414 miles. The following altitudes are given in feet above sea level: 
Tuscola, 649 feet; Camargo, 6837; Newman, 640; Hindsboro, 651; Arcola, 680; 
Arthur, 658. 
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Fic. 4.—DRAINAGE Map or Doucias County SHOWING STREAM COURSES AND OTHER 
PHYSIOGRAPHIC FEATURES 
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SOIL DEVELOPMENT 


During the time which has elapsed since the last ice invasion, weathering 
and other processes have been active, resulting in the formation of the soils of 
the county as we know them today. 

When first deposited, the general composition of the soil material was rather 
uniform thruout, but with the passing of time various physical, chemical, and 
biological agencies of weathering formed soil out of the parent material by some 
or all of the following processes: the leaching of certain elements, the accumu- 
lation of others; the chemical reduction of certain compounds, the oxidation of 
others; the translocation of the finer soil particles, and the arrangement of them 
into zones, or ‘‘horizons’’; the accumulation of organic matter from the growth 
and decay of vegetable material. One of the very pronounced characteristics 
observed in most soils is that they are composed of more or less distinct strata, 
called horizons. As explained somewhat more fully in the Appendix, these 
horizons are named, from the surface down; A, the layer of extraction; B, the 
layer of concentration or accumulation; and C, less-altered material, or the layer 
in which weathering has had less effect. The development of horizons in a soil 
is an indication of its age. 

Since the upland prairie of this region has been occupied, probably continu- 
ously, by grass vegetation, relatively large amounts of organic matter have ac- 
cumulated, resulting in the formation of productive, dark-colored soils. The 
areas adjacent to streams, which have been occupied by timber, are light-colored 
because of the relative deficiency of the surface soil in organic matter. The 
bottom-land soils are made up, for the most part, of alluvial material brought 
down from the uplands of the immediate vicinity. These soils are relatively 
young, or immature, and therefore have not developed horizons as have the more 
mature soils of the upland. 


SOIL GROUPS 

The soils of Douglas county have been divided into four groups, as follows: 

Upland Prairie Soils, dark-colored and usually rich in organic matter, the 
organic matter having been derived from the decaying roots of the wild prairie 
grasses which occupied this land for thousands of years. 

Upland Timber Soils, those zones along stream courses over which forests 
grew for a long period of time. These contain in general less organic matter 
than the prairie soils. 

Terrace Soils, including bench lands and second bottoms formed by deposits 
from flooded streams overloaded with sediment, perhaps at the time of the melt- 
ing of the glaciers. 

Swamp and Bottom-Land Soils, including the overflow lands or flood plains 
along streams, the swamps, and the poorly drained lowlands. 

Table 1 gives the area of each soil type in Douglas county and its percent- 
age of the total area. It will be observed that 87.24 percent of the county con- 
sists of upland prairie, 9.86 percent of upland timber, .01 percent of terrace 
soils, and 2.89 percent of swamp and bottom-land soils. The accompanying map, 
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TasLE 1.—Sort Types or Doucuas County, ILLINoIs 


Soil Area in Area | Percent 

type Name of type square in of total 

No. miles acres area 
Upland Prairie Soils (900, 1100) 
fey, || Brown Gilt Towtnt og! ace sate cbosut tele 231.238 | 147/887 55.81 
Fran) {0 lack Clay Digan her paMenee tern 69.39 44 409 16.73 
1121 Drab, Clawalboain aa isus mre cerite ro cnrola cts 60.49 38 713 14.60 
ior Brown-Gray Silt Loam On Tight Clay...... 38 243 .09 
1160 | Brown Saws TLOATIT Waisy trove teens sictar sue eae .05 32 01 
361.54 | 231 384 87.24. | 
Upland Timber Soils (900, 1100) 
127) | Yellow-Gray Silt Loam............... 000 39.42 25 228 9.51 
ea Yellow Gilt: L.outd.oguces rans aims ons 1.47 940 35 
40.89 26 168 9.86 
Terrace Soils (1500) 
1536 | Yellow-Gray Silt Loam Over Sand or Gravel. 06 38 01 
Swamp and Bottom-Land Soils (1400) 

tab en *| Mixed stoamingernrecuren te tienes ase 11.81 7 558 2.85 
1401 Déep Pests went os cas oimtect et eue ea eee .19 121 04 
12.00 7 679 2.89 

fe oy Totalvarea sysname aS ere 265 287 100.00 _ 


1Including associated types described in the text but not differentiated on the map. 


appearing in two sections, shows the location and boundary lines of the various — 
soil types. 

For explanations concerning the classification of soils and the interpreta- _ 
tion of the map and tables, the reader is referred to the first part of the Ap- 
pendix to this report. 


INVOICE OF THE ELEMENTS OF PLANT FOOD IN 
DOUGLAS COUNTY SOILS 


Three Depths Represented by Soil Samples 


In the Illinois soil survey each soil type is sampled in the manner deseribadlll 
below and subjected to chemical analysis in order to obtain a knowledge of its , 
important plant-food elements. Samples are taken, usually in sets of three, to : 
represent different strata in the top 40 inches of soil, namely: 


1. An upper stratum extending from the surface to a depth of 6% inches.! This stratum, 4 
over the surface of an acre of the common kinds of. soil, includes approximately) 2 
million pounds of dry soil. 
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2. A middle stratum extending from 6% to 20 inches, and including approximately 4 
million pounds of dry soil to the acre. 


8. A lower stratum extending from 20 to 40 inches, and including approximately 6 

million pounds of dry soil to the acre. 

By this system of sampling we have represented separately three zones for 
plant feeding. It is with the upper, or surface layer, that the following discus- 
sion is mostly concerned, for it includes the soil that is ordinarily turned with 
the plow, and is the part with which the farm manure, limestone, phosphate, or 
other fertilizing material is incorporated. Furthermore, it is the only stratum 
which can be greatly changed in composition as a result of adding fertilizing 
materials. 

For convenience in making application of the chemical analyses, the results 
presented in Tables 2, 3, and 4 are given in terms of pounds per acre. It is a 
simple matter to convert these figures to a percentage basis in case one desires 
to consider the information in that form. In comparing the proportional com- 
position of the different strata, it must be kept in mind that it is based on dif- 
ferent quantities of soil, as indicated above. The figures for the middle and 
lower strata must, therefore, be divided by two and three respectively before being 
compared with each other or with the figures for the upper stratum. 

The data in Tables 2, 3, and 4, showing plant-food content of Douglas county 
soils, are based in part upon analyses of samples taken from surrounding counties. 


Wide Range in Organic Matter and Nitrogen 


It can readily be seen from Table 2 that there is a wide variation among 
the different soil types of Douglas county with respect to their content of the 
different plant-food elements in the upper 624 inches of soil. The most strik- 
ing relationship among these variations is observed with respect to organic carbon 
and nitrogen, the quantities of which run parallel from type to type tho the 
organic-carbon content is usually 10 to 12 times as great as the nitrogen. The 
relationship between organic carbon and nitrogen is explained by the well- 
established fact that all soil organic matter (of which organic carbon is the meas- 
ure) contains nitrogen and that most of the soil nitrogen—usually 98 percent 
or more—is present in a state of organic combination, that is, as a part of the 
organic matter. 

The upland prairie soils of Douglas county are, for the most part, relatively 
high in organic matter and nitrogen, while the upland timber soils are fairly 
low, there being no overlapping in the two groups with respect to these con- 
stituents. This difference is noticeable not only in the surface soil, but extends 
to the middle and lower strata as well. The smallest amount of both organic 
matter and nitrogen are found in Yellow Silt Loam. This type is generally 
subject to surface erosion, which retards the accumulation of organic matter. 
The bottom-land soils are represented by only two soil types. Only one has 
been analyzed, the other being too variable to permit sampling. The Deep Peat, 
as is usually the case, contains a high percentage of organic carbon. However, 
the type is not so rich in this constituent here as it is in counties further north 
where the climatic conditions are more conducive to its accumulation. 
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TABLE 2.—DOUGLAS COUNTY SOILS: Puiant-Foop ELeEMENts IN UPPER SAMPLING 
Srratoum, Asout 0 To 624 IncHzs! 


Average pounds per acre in 2 million pounds of soil 


Total | Total | Total Total Total | Total Total 


oon Soil type ik 
type organic | nitro- | phos- potas- |magne- : 
0. carbon | gen |phorus sulfur sium | sium calcium 
Upland Prairie Soils (900, 1100) 
1320\ | Brown Silt Loam............ 54 680| 4 650| 1 040| 770! 35 000 8 270| 9 810 
1330} | Black Clay Loam.. .....| 74710] 7 090] 1 830] 1 180] 32 830] 13 600] 19 320 
928 Brown-Gray Silt (att Ot 
1128 Ni gint, Claneeaa renee ryeteneee 38 970} 3 510} 1 030 780} 31 340} 5 940) 6 500 
1160 Brown Sandy bogmitnet: ae 44 070} 3 990) 1 010 970) 26 430) 5 930} 11 560 
1121 Drab: Clay Mosiae xs tr.v 53 690) 5 240] 1 500 950} 38 260) 12 650] 16 520 
Upland Timber Soils (900, 1100) 

1734) | Yellow-Gray Silt Loam....... 25 170| 2 220/ 850] 550] 34 530| 5 740| 6 410 
lige) | Yellow Silt Loam............ 19 070] 1 690} 870] 380| 37 040] 9 170] 9 760 
Terrace Soils (1500) 

1536 Yellow-Gray Silt Loam 
Over Sani Gees aeccad sien Go ello era mend toon | ; oe | ole Tl ee | OER i IeeOr: 
Swamp and Bottom-Land Soils (1400) 
1454 Mixed Loam. 2... 660d ccc fies ss foe oe selec cose oltelorene stell ater Ian ini ei 
1401 Deep; Beatie rer sieeereee 268 560/23 840} 1 080 600} 11 280} 1 830] 5 770 


LIMESTONE and SOIL ACIDITY.—In connection with these tabulated data, it should be 
explained that the figures for limestone content and soil acidity are omitted not because of any 
lack of importance of these factors, but rather because of the peculiar difficulty of presenting in 
the form of general numerical averages reliable information concerning the limestone require- 
ment for a given soil type. A general statement, however, will be found concerning the lime 
requirement of the respective soil types in connection with the discussions which follow. 


1In obtaining the average analyses as presented here samples of some of the types taken in 
adjacent counties are included. *Data not obtained. :On account of the heterogeneous character 
of Mixed Loam, chemical analyses are not included for this type. ‘Amounts reported are for 1 
million pounds of Deep Peat. 


All of the soils of the county diminish rapidly in their content of both 
organic matter and nitrogen with increasing depth. This diminution is notice- 
able even in the second stratum, 624 to 20 inches, and may be observed even in the 
Deep Peat of this county. 


Phosphorus Slightly Lower in Light-Colored Types 


The phosphorus content varies somewhat from type to type. It is notice- 
ably lower in the lighter colored, upland timber types, and highest (1,830 pounds) 
in Black Clay Loam. There is a tendency for the phosphorus content of soils 
to parallel the organic earbon to some extent, but not closely as does nitrogen. 
Phosphorus, in contrast with some other elements, is not appreciably removed 
from the soil by leaching. It is converted by growing plants into organic forms 
and tends to accumulate in the surface soil in plant residues at the expense of 
underlying strata. Investigations at the Illinois Station have shown that in 
Brown Silt Loam, for example, about 33 percent of the total phosphorus of the 
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TasBLE 3.—DOUGLAS COUNTY SOILS: Priant-Foop ELemMents In MrippLe SAMPLING 
Stratum, Asour 624 To 20 Incuzs! 


Average pounds per acre in 4 million pounds of soil 


Soil Total | Total | Total | Total | Total | Total | Total 
type Soil type organic | nitro- | phos- | sulfur] potas- |magne-| calcium 
No. carbon} gen |phorus sium | sium 
Upland Prairie Soils (900, 1100) 
Ling} | Brown Silt Loam............ 71 110| 6 330] 1 680] 1 140] 70 690] 19 950| 18 220 
a Black Clay Loam............ 69 600} 6 730| 2 670] 1 400] 68 390] 28 140] 35 660 
928 Brown-Gray Silt Loam On 
1128 Wrath (CEN 30 ee 33 180] 3 570) 1 530 980) 65 770) 15 760) 11 840 
1160 Brown Sandy Loam......... 48 810} 4 800) 1 840) 1 380} 52 270} 21 880] 43 710 
DAL DrapiGlay Loam. . 25... 65.55% 60 400} 6 220) 2 480} 1 320| 77 450) 27 840} 30 360 
Upland Timber Soils (900, 1100) 
be Yellow-Gray Silt Loam ...... 18 640} 2 140) 1 290 550) 71 770) 20 350) 11 400 
tna ellowislt (OAM. ....5 2060. 17 970} 2 080) 1 790 740| 77 990) 24 710) 11 920 


Terrace Soils (1500) 


a Perera iee| (cet ae 


Swamp and Bottom-Land Soils (1400) 


1454 Mixed Woam?.)..........-6. | Sete iye | ra | ee | ae: | ser. iL rae | Este ach 
1401 [DEANS JRC 2 471 280/40 300] 2 090} 1 520] 34 240} 4 520) 18 900 


LIMESTONE and SOIL ACIDITY.—See note in Table 2. 


1In obtaining the average analyses as presented here samples of some of the types taken in 
adjacent counties are included. ?Data not obtained. *On account of the heterogeneous character 
of Mixed Loam, chemical analyses are not included for this type. ‘Amounts reported are for 
2 million pounds of Deep Peat. 


1536 Yellow-Gray Silt Loam 
(COMES HGG Sar ae eee 


surface soil is organic, and in Black Clay Loam about 37 percent. It is the sec- 
ond stratum (624 to 20 inches) which furnishes most of the phosphorus thus 
moved upward. Consequently the phosphorus percentage is higher in the sur- 
face soil than in the second stratum, and, except in Yellow Silt Loam, higher 
than in the lower stratum. 


Sulfur Generally Well Supplied 


Sulfur, another element used by growing plants, is likewise associated to 
some degree with organic carbon. This is because a considerable tho varying 
proportion of the sulfur in the soil exists in the organic form, that is, as a con- 
stituent of organic matter. The soils of Douglas county contain from one-half 
to three-fourths as much sulfur as phosphorus, the amount in the surface soil 
ranging from 380 to 1,180 pounds per acre. Like phosphorus, the sulfur content 
generally decreases with increasing depth, partly because some of the sulfur is 
organic and organic matter decreases with depth, and also in part because 
organic sulfur is less subject to leaching than calcium sulfate (gypsum), the 
chief inorganic form of sulfur found in soils. Occasionally very thin strata of 
nearly pure gypsum are encountered in the lower levels of soils, particularly 
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Taste 4.—DOUGLAS COUNTY SOILS: Pruant-Foop ELeMENts IN LowER SAMPLING 
Strata, Apout 20 to 40 IncuxEs! 


Average pounds per acre in 6 million pounds of soil 


Soil é Total | Total | Total Total | Total 
type Soil type organic | nitro- | phos- — potas- |magne- ae 
No. carbon | gen |phorus sium | sium 
Upland Prairie Soils (900, 1100) 
ies Brown Silt Loam............ 32 630| 3 840| 2 190| 1 140|108 590] 43 070| 32 190 
neat Black Clay Loam............ 32 400] 3 680] 3 210] 1 260/104 890] 58 790/107 760 
928 Brown-Gray Silt Loam On 
1128 Dighti Gl ive pn wce <a eaerac. 28 140] 3 090} 2 270 960/103 580} 36 350) 29 870 
1160 Brown Sandy Loam......... 25 180} 2 720} 1 980] 1 230] 78 120} 24 480} 28 780 
1121 Drab Clay, Loam Ce SNe 38 680] 4 070] 3 020] 1 340/113 540| 62 060] 82 570 
Upland Timber Soils (900, 1100) 
ia Yellow-Gray Silt Loam.......] 17 880) 2 450) 2 110 880|116 730) 42 610} 27 520 
ape Yellow Silt Loam............ 17 740] 2 580] 2 800| 960/128 480] 40 660| 16 400 
Terrace Soils (1500) 
1536 | Yellow-Gray Silt Loam | | | | | 
Over, Samd? oo oie ace [eee ok soil e stais apellisceioia s o:fpsuaite uel cll Raa aa 
Swamp and Bottom-Land Soils (1400) 
1454 Mixed Loam... 6.5.0 occ ed ese ne ee oN ie ome ello cevcisl| btele 5 oiftetale hate wnet it aitimtiEmnmnE i ieicaeterens 
1401 DES p Ent ose aelaicromscminete 433 020137 950] 2 480} 3 990| 80 460} 7 920] 20 400 


LIMESTONE and SOIL ACIDITY.—See note in Table 2. 


1In obtaining the average analyses as presented here samples of some of the types taken in 
adjacent counties are included. *Data not obtained. %On account of the heterogeneous char- 
acter of Mixed Loam, chemical analyses are not included for this type. ‘4Amounts reported 
are for 3 million pounds of Deep Peat. 


those high in organic matter, and this may account for the high sulfur content, 
3,990 pounds per acre, in the lower stratum of Deep Peat, as found in this 
county. 

The sulfur available to crops is affected not only by the soil supply, but 
also by that brought down from the atmosphere by rain. Sulfur dioxid escapes 
into the air in the gaseous products from the burning of all kinds of fuel, par- 
ticularly coal. The gaseous sulfur dioxid is soluble in water and consequently 
is dissolved out of the air by rain and brought to the earth. In regions of large 
coal consumption the amount of sulfur thus added to the soil is relatively large. 
At Urbana during the eight-year period from 1917 to 1924 there was added to 
the soil by the rainfall an average of 3.5 pounds of sulfur an acre a month. 
Similar observations have been made in other localities for shorter periods. The 
precipitation at the various points in the state in a single month has been found 
to vary from a minimum of 34 of a pound to more than 10 pounds an acre. 

These figures afford some idea of the amounts of sulfur added by rain, and 
also of the wide variations in amount under different conditions. Considering 
the amounts which are brought down by rainfall in addition to the soil supply, 
the facts would indicate that apparently there is little or no need for sulfur 
fertilizers in Douglas county. In order to determine definitely the response of 
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crops to applications of sulfur fertilizers, experiments with gypsum have been 
‘started on a number of experiment fields in various parts of Illinois. 


Potassium Content Lowerjin the,Sandy?and Peat Soils 


The potassium content of the various soil types also exhibits wide variation. 
Brown Sandy Loam, the only type of a sandy character in the county, is notice- 
ably lower in potassium than the other types thruout the entire depth sampled. 
Sandy soils carry a large proportion of their potassium in the sand grains. The 
relatively smaller total surface exposed in the case of these coarser soil particles 
greatly lowers the rate at which potassium is dissolved, and hence its availability. 
The deficiency of available potassium in the sandy soils is partly, but not wholly, 
offset by the greater facility with which the roots of crop plants can ramify in 
these soils as compared with the heavier types. The potassium concentration in 
the mineral soils shows very little variation at the different depths. 

So far as chemical composition is concerned, Deep Peat as found in Doug- 
las county is not representative of this type as it generally occurs in the state. 
The comparatively low organic-matter content (for the type) with the accom- 
panying larger proportion of mineral matter, is reflected in the potassium figure, 
11,380 pounds, an amount that is two to three times as high as the usual quan- 
tity for this type. 


WidejVariations in Calcium and Magnesium 


Soils, in general, exhibit wide variations in the content of calcium and 
magnesium, and Douglas county presents no exception to this rule. In the sur- 
face soil magnesium varies from 1,830 pounds per acre in Deep Peat to 13,600 
pounds in Black Clay Loam, while calcium varies from 5,770 pounds to more 
than 19,000 pounds. The presence of calcium in amounts of this magnitude is 
no indication that the soil may not need hme. In acid soils fairly large amounts 
of calcium may be found. It is locked up, however, by combination in silicate 
minerals, and thus while serving to reduce acidity, it may become available so 
slowly in some cases as to make the lack of calcium as a plant-food element a 
limiting factor in crop growth. The application of lime or limestone supplies 
readily available calcium and at the same time serves to correct soil acidity. 

Some of the variations in total calcium appear to be erratic, particularly in 
the lower stratum, where very high values are observed in Black Clay Loam, 
Drab Clay Loam, and Deep Peat. In these types some of the soils contain calcium 
carbonate (limestone) within the depth sampled, which condition accounts for 
the high total calcium. Calcium carbonate is readily soluble in soil water, and 
under natural conditions the surface soil loses its calcium carbonate first by 
leaching, followed by removal to greater and greater depths. Thus in no case 
do we find calcium carbonate in the surface soil in Douglas county, even tho 
an acid surface may be underlain by free calcium carbonate at a greater or 
less depth. 

Some increase in total magnesium ordinarily accompanies the high calcium 
of the carbonate-containing soils. The increases are not great, however, because 
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of the inability of magnesium carbonate to exist long in the soil in that state. 
The carbonate of carbonate-containing soils is chiefly calcium carbonate. 

In the non-carbonate, upland soils, variations in the amounts of ealeium and 
magnesium at the different depths give some indication of the movement of these 
elements in soil formation. In the surface soil the calcium usually exceeds the 
magnesium in amount, as a result of the preponderance of calcium in the soil- 
forming materials. As we pass into the lower strata we find the magnesium con- 
tent increasing and gaining on the calcium, even exceeding it in some cases. 

These facts aid in explaining what has been going on in the process of soil 
development with respect to these two elements. As they are dissolved and 
carried downward in solution, magnesium, owing to its chemical nature, is more 
readily reabsorbed and held by the soil mass than is calcium. Thus calcium is 
gradually replaced by magnesium, being forced into solution and earried farther 
down. Consequently, while magnesium accumulation begins in the middle 
stratum and increases with depth, the liberated calcium is carried down into or 
below the third sampling stratum before it is reabsorbed, or it may be washed 
away entirely in the drainage water. The extent of the translocation of these 
two elements as revealed by the analyses aids to some extent in estimating the 
relative degree of maturity of the different types. The increasing proportion 
of magnesium to calcium in the lower levels becomes more pronounced with in- 
creasing maturity of the soil. Thus we sce a correlation between this chemical 
soil characteristic and the processes of soil development. 


Local Tests for Soil Acidity Often Required 


It is impracticable to attempt to obtain an average quantitative measure of 
the calcium-carbonate content or of the acidity of a given soil type because, 
while some samples will contain large amounts of calcium carbonate, others may 
contain none, but on the other hand may actually have a lime requirement due 
to the soil acidity. We thus have what may be considered positive and negative 
values ranging, perhaps widely, on the opposite sides of the zero or neutral point, 
the numerical average of which could have no significance whatever, since such 
an average would not necessarily even approach the condition actually existing 
in a given farm or field. It is for this reason that the tables contain no figures 
purporting to represent either the lime requirement or the limestone present in 
the different soil types. 

The qualitative field tests made in the process of the soil survey are much 
more numerous than the chemical analyses made in the laboratory, and do give 
a general idea of the predominating condition in the various types as to acidity — 
or alkalinity. These tests, therefore, furnish the basis for some general recom- 
mendations which are given in the descriptions of individual types on pages 
14 to 19. To have a sound basis for the application of limestone the owner or 
operator of a farm must often determine individually the lime requirements of 
his different fields. The section in the Appendix dealing with the application of 
limestone (page 28) is pertinent and should be read in this connection. 
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Supplies of Different Elements Not Proportional to Crop Removal 


In the foregoing discussion we have considered mainly the amounts of the 
plant-food elements in the surface 624 inches of soil, and rather briefly the 
relative amounts in the two lower strata. We have noted that some of the ele- 
ments of plant food exhibit no consistent change in amount with increasing 
depth. Other elements show more or less marked variation at the different 
levels, the trend of these variations serving in some cases as clues to the relative 
maturity of different soil types and the processes involved in their development. 

By adding together the corresponding figures for all three strata, we have 
an approximate invoice of the total plant-food elements within the feeding range 
of most of our field crops, since the major portion of their feeding range is in- 
cluded in the upper 40 inches of the soil. One of the most striking facts brought 
out by this consideration of the data is the great variation within a given soil 
type in the relative abundance of the various elements present as compared with 
the amounts removed by crops. For example, in one of the important types in 
Douglas county, Brown Silt Loam, Upland, we find that the total quantity of 
nitrogen in all three strata is 14,820 pounds. This is about the amount of 
nitrogen contained in the same number of bushels of corn. The amount of 
phosphorus is approximately one-third as much, or 4,910 pounds, but this amount 
is equivalent to the phosphorus in about twice as much corn, namely, 28,800 
bushels. In the surface stratum, however, which is the zone of most intensive 
erop feeding, we find the relative amounts of nitrogen and phosphorus more 
nearly in accord with the rate of removal of these elements by crops. Here the 
nitrogen is equivalent to 4,650 bushels of corn, and the phosphorus to 6,000 
bushels, or only one-third more than the nitrogen equivalent. 

Other types show marked contrast to Brown Silt Loam, just discussed, with 
respect to total soil content in relation to rate of removal by crops. However, 
in most soils, except those which are peaty, phosphorus is more abundant than 
nitrogen when considered in terms of crop equivalents rather than in actual 
pounds per acre of the respective elements. 


Service and Limitations of Chemical Investigations in Soil Improvement 


The foregoing discussion should not be taken to mean that it is possible to 
predict how long ‘any certain soil could be cropped under a given system before 
it would become exhausted. Nor do the figures alone indicate the immediate 
procedure to be followed in the improvement of a soil. It must be kept in mind 
that the amount of plant food shown to be present is not the sole measure of 
the ability of a soil to produce crops. The rate at which these elements are 
liberated from insoluble forms and converted to forms that can be used by 
growing plants is a matter of at least equal importance, as explained on page 26, 
and is not necessarily proportional to the total stocks present. One must know, 
therefore, how to cope with the peculiarities of a given soil type, if he is to se- 
eure the full benefit from its stores of the plant-food elements. In addition, 
there are always economic factors that must be taken into consideration, since 
it is necessary for one to decide at how high a level of productive capacity he 
ean best afford to maintain his soil. 
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The chemical investigations carried out in connection with the soil survey, 
of which the analyses here reported are a part, are of value chiefly in two ways. 
In the first place, they reveal at once outstanding deficiencies or other chemical 
characteristics which alone would affect soil productivity to a marked extent, 
or point the way to corrective measures. It should be borne in mind, however, 
that fairly wide departures from the usual are necessary before the chemical 
analysis alone can be followed as a guide in practice without supplementary 
information from other sources. It is probable that the results of chemical soil 
analyses are frequently misused by attempting to interpret small differences in 
the amount of a certain plant-food element as indicative of corresponding differ- 
ences in the fertilizer need. For example, differences of only 100 or 200 pounds 
of phosphorus per acre in soils containing 1,000 pounds or thereabout in the 
surface soil should not be considered as of any agricultural significance. Again, 
100 pounds to the acre of active nitrogen added by plowing down a clover 
crop may be of more importance to the succeeding crop than a difference 
in soil composition of 1,000 pounds an acre of nitrogen as shown by the analysis. 
An example of the direct use of the results of chemical investigations is the 
marked shortage of potassium in peat soils associated with the need for potassium 
fertilizers; another case is the determination of the lime need of soils by 
chemical tests. 


The second use of chemical methods is in the more detailed study of soils. 
The processes of soil development leave their imprint upon the soil both in its 
physical conformation and also in its chemical characteristics. Likewise every 
operation in the handling of the soil and every application of fertilizer or 
liming material disturbs its equilibrium, setting up new reactions, which are in 
turn reflected in crop adaptability, producing capacity, and agricultural useful- 
ness. Chemistry is a most important tool in tracing and characterizing such 
changes, and chemical investigations are undertaken with the aim of aiding in 
the classification of soils and making possible more accurate prediction of their 
agricultural value and fertility needs, as well as response to different methods 
of management. 


DESCRIPTION OF SOIL TYPES 


The soil survey of Douglas county, upon which this report is based, was made 
in 1914. In the meantime there has been a gradual accumulation of new soil 
facts. As knowledge regarding soils accumulated, additional soil types were 
recognized. At the present time several types shown on the soil map of Douglas 
county are each considered to include two or more types. For the purposes of this 
Report, these types, which are now differentiated but not shown on the map, will 
be described so that they may, to some extent at least, be recognized in the field. 


UPLAND PRAIRIE SOILS 
The upland prairie soils of Douglas county occupy 361.54 square miles, or 
87.24 percent of the area of the county. The dark color of the prairie soils is 
due to an accumulation of organic matter from the fibrous roots of the prairie 
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grasses that grew on this land for centuries. A covering of fine soil and a mat 
of vegetative material by partially excluding the oxygen protected these roots 
from rapid and complete decay. From time to time the mat of old grass stems 
and leaves was partially destroyed by prairie fires and decay, but it was con- 
stantly being renewed, and while it added but little organic matter to the soil 
directly, it served to retard the decay. From a sample of virgin bluestem sod, 
one of the most common prairie grasses, it has been determined that an acre 
of this soil to a depth of 7 inches may contain as high as 131% tons of roots. 


Brown Silt Loam (926, 1126) 

Brown Silt Loam, as mapped in this county, is now recognized to include 
at least four, and probably five soil types. Four of these will be described. The 
fifth occurs in portions of Piatt, Macon, Moultrie, and Coles counties, but has 
not as yet been studied sufficiently to justify considering it an established type. 
The four types now recognized are Brown Silt Loam On Clay, Brown Silt Loam, 
Brown Silt Loam On Drift, and Light Brown Silt Loam On Drift. These types 
all oceur on the areas shown on the map as Brown Silt Loam. Their occurrence 
bears a rather definite relation to topography, as will appear from the descrip- 
tions which follow. 

Brown Silt Loam On Clay. This type occurs on nearly level areas. It was 
formed under conditions of intermittently poor drainage which resulted in an 
accumulation of considerable fine-textured material in the subsoil. Associated 
with this fine texture and plasticity of the subsoil, or B horizon, is a gray color 
showing a lack of free air movement. The surface soil, or A, horizon, is dark 
brown in color and is in some eases rather heavy for a silt loam. The subsurface, 
or A, horizon, is heavier than the A, and lighter in color. 


Management. This type, even tho it has a heavy subsoil, will underdrain 
satisfactorily. In draining, the strings of tile should be placed closer together 
than for any of the other types mapped as Brown Silt Loam. After good drain- 
age is secured, regular additions of fresh organic matter should be provided, 
for otherwise this soil will gradually hecome more difficult to work. Limestone 
is needed for sweet clover or alfalfa, tho in light applications. The lowest por- 
tions of the type may need no limestone and occasionally small alkali spots occur. 
The harmful effects of the alkali may be corrected by applying 75 to 100 pounds 
of potash for corn. This type is similar to the soil on the Hartsburg and Aledo 
experiment fields. The results from these two fields are in agreement in indicat- 
ing the value of manure on all the crops of the rotation; the value of residues, 
particularly for corn; the relatively small returns from limestone used in addi- 
tion to manure and residues; and the failure of rock phosphate as used on these 
fields, particularly in the manure system, to cause sufficient increase in yields 
to justify advising its indiscriminate use on this soil type. If alfalfa is to be 
seeded, the application of 1,000 pounds of rock phosphate, or 500 pounds of 
superphosphate an acre would be advisable; or, if sweet clover is to be seeded 
in wheat, it would be advisable to make a trial application of either of these 
materials after plowing but before working down the wheat seed bed. The 
reader is referred to page 31 for a further discussion of the phosphate problem. 


16 Som, Rerort No. 43 


Brown Silt Loam. This type occurs on undulating topography. It has 
good surface drainage and underdrainage and the profile is friable and easily 
permeable to roots as well as to water. A heavier application of limestone is 
needed than on the preceding type and it is more uniformly acid, tho it is not 
strongly acid. The surface soil, or A, horizon, is brown. in color and unlike 
the preceding type, does not tend to be too heavy to classify as a true silt loam. 
The subsurface, or A, horizon, is distinctly yellowish and is not much heavier 
than the A,. The subsoil, or B horizon, is brownish yellow with some gray mot- 
tling present; it is a clay loam but is friable and only medium plastic. 

Management.—This type is similar to the soil on the Kewanee experiment 
field. The results from this field (page 46) show a good response to manure 
alone and to residues and lime in combination. Where lime was used in addition 
to manure, an additional increase in yield was secured, but the increase was not 
so large as where lime was used in addition to residues. This behavior indicates 
that manure satisfies in part the same deficiency that lime satisfies on this medium- 
acid soil. The same is true in regard to the use of rock phosphate. In com- 
bination with stable manure and limestone the increases in crop yields have been 
too small to pay the cost of the phosphate. Where green manures and residues 
were the source of nitrogen and organic matter, however, rock phosphate has been 
used with increasing benefit which in later years has been sufficient to yield a 
good profit. The Bloomington experiment field is located in part on this same 
type of soil. The results from this field (page 48), on which various phosphate 
carriers have been used, show excellent returns for phosphorus and lead to the 
recommendation that some form of phosphate be given a trial. The reader is 
referred to the discussion of phosphatic materials on page 31. 


Brown Silt Loam On Drift. This type occurs on rolling topography and 
is found in the southeastern and northeastern portions of the county. In color 
the entire profile of Brown Silt Loam On Drift is similar to Brown Silt Loam 
described above, but it differs from the latter in character of the soil material 
in the lower horizons, particularly in having much more sand and gravel and in 
being more compact. The surface soil, or A, horizon, to a depth of about 8 
inches is brown in color and a silt loam in texture. It frequently contains a 
limited number of chert and other rock fragments. The A, horizon is a yellowish 
brown silt loam containing some rock fragments and extends to a depth of about 
18 or 20 inches. The B horizon is a medium-mottled, dark yellow, sandy and 
gravelly clay, medium compact and slightly plastic. The C horizon is a yellow, 
sandy, gravelly clay loam, fairly friable, and not much compacted. 

Management.—Brown Silt Loam On Drift is thought to be very similar 
in management requirements to Brown Silt Loam, the last type described. It 
differs in being slightly more acid, somewhat lower in organic matter, and more 
subject to erosion. 


Light Brown Silt Loam On Drift. This type differs from Brown Silt Loam 
On Drift in being much lower in organic matter, more acid, and more subject to 
serious erosion. It is all tillable, but is spoken of by farmers as being a ‘‘thin’’ — 
soil. This type occurs only on the more pronounced slopes of the two morainal 
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ridges shown on the soil map. The surface, or A, horizon, is light brown or red- 
dish brown in color and in places contains considerable glacial gravel. The sub- 
surface, or A, horizon, is yellowish brown in color and contains more gravel than 
the surface. The subsoil, or B horizon, is gravelly glacial drift, somewhat com- 
pact but not plastic. The thickness of the various horizons varies because of 
differences in the rate of erosion on different areas. Carbonates commonly occur 
at a depth of 40 to 50 inches. 

Management.—This type is less productive than any of those previously de- 
seribed. It needs frequent additions of fresh leguminous organic matter. It is 
more acid than less rolling land. It must be handled carefully if erosion is to 
be reduced below the point where it is very harmful. The trial of either rock 
phosphate or superphosphate for wheat which is to be seeded to clover is advised 
on this soil. 


Black Clay Loam (920, 1120) 


Black Clay Loam, as mapped in Douglas county, is now recognized to in- 
clude four types. These four types will not be described as they do not differ 
in topography so strikingly as do the separations noted for Brown Silt Loam 
and are therefore less easily recognized. Therefore instead of attempting to de- 
seribe each type as now differentiated, the following generalized description is 
given. 

The A, horizon is 10 to 12 inches deep, and is a dark brown to black clay 
loam. The A, horizon usually extends to a depth of about 20 inches, is drab- 
bish black in color, and is somewhat heavier than the A, horizon. It usually 
contains small yellow spots and in the lighter portions of the type is distinctly 
yellow instead of drabbish black. The B horizon in the heavier portions of the 
type is a gray or heavily mottled, compact, plastic clay; in the lighter portions 
it is a strongly mottled yellow, compact, medium-plastic clay or clay loam. 

Management.—It should be noted that alkali spots occur in Black Clay 
Loam and that potash treatment is needed on some of them because of the high 
concentration of soluble salts. Lime is generally not needed on this soil but 
regular additions of fresh organic matter should be provided as an aid in main- 
taining a good physical condition. According to the results from the Minonk 
and Hartsburg experiment fields, the use of phosphate is not likely to prove 
profitable on this soil. However, if no manure is available it might be well to 
try rock phosphate at the rate of about 1,000 pounds an acre or superphosphate 
at the rate of about 250 pounds an acre for wheat. The summarized results from 
the Minonk and Hartsburg fields are given on pages 52 and 53. 


Drab Clay Loam (1121) 

Drab Clay Loam is clearly a soil formed under conditions of poor drain- 
age. The reason for its drab color instead of black is not apparent, tho it seems 
to be associated with a set of conditions which limited the growth of the native 
grasses. ; 

The surface, or A, horizon, is about 7 inches thick and is usually a drab- 
bish black clay loam or silty clay loam. The subsurface, or A, horizon, is some- 
what lighter in color than the surface, usually being drabbish brown. The sub- 
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soil, or B horizon, is drab or yellowish drab containing reddish brown spots. It 
is heavy but will underdrain. 


Management.—Drab Clay Loam is usually not acid and in places is alkaline. 
It is relatively low in organic matter. It requires thoro underdrainage. Much 
has been done by the construction of dredge ditches and laying of tile to take 
eare of the excess water on this soil. Alkali spots are common and lime conere- 
tions and marly material are often found within forty inches of the surface. 


Brown-Gray Silt Loam On Tight Clay (928, 1128) 

Brown-Gray Silt Loam On Tight Clay is of little importance in Douglas 
county because of its small extent, occupying a total of less than half a square 
mile. The areas'southeast of Hindsboro are typical of this kind of soil, having 
a grayish brown surface, gray subsurface, and mottled gray, impervious sub- 
soil. Further information regarding this soil type may be had by correspond- 
ence with the Experiment Station. 


UPLAND TIMBER SOILS 


The upland timber soils are not extensively developed in Douglas county. 
They cover altogether only about 40 square miles, or a little more than 9 percent 
of the area of the county. They occur adjacent to the streams. 

These soils are usually characterized by a yellow or yellowish gray color 
which indicates a low organic-matter content, resulting from the long-continued 
growth of forest trees. As the forests invaded the prairies, the following effects 
were produced: the shading by the trees prevented the growth of grasses, the 
roots of which are mainly responsible for the large amount of organic matter 
in the prairie soils; and the trees themselves added little organie matter to the 
soil, for the leaves and branches either decayed or were destroyed by forest fires. 

The timbered soils are of two kinds, the undulating and the eroded. 


Yellow-Gray Silt Loam (934, 1134) 

Yellow-Gray Silt Loam as mapped in Douglas county, ineludes several light- 
colored soil types. The flat, nearly level areas have a relatively impervious, 
gray subsoil, while the better drained areas show little accumulation in the sub- 
soil and the color is reddish or yellowish. On the rolling area in the southeast- 
ern part of the county, the gravelly drift is near the surface. No attempt will 
be made here to describe this type in further detail since the variations are so 
ereat that a sufficiently broad description would have no meaning. 


Management.—The nearly level portions of this type are more acid than 
the undulating and rolling portions and are naturally poorly drained. Lime is 
a general requirement, tho the amount needed varies as above indicated and 
also with other factors, as for example, with the length of time and the intensity 
with which a field has been farmed. Leguminous organic matter is also a gen- 
eral requirement and everywhere on this type where the land is farmed provi- 
sion should be made for the regular growth of clover, preferably sweet clover. 
Phosphate should give profitable returns on the undulating portions of this 
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type, particularly if used for wheat. Either rock phosphate or superphosphate 
may be tried, the former at the rate of about 1,000 pounds an acre and the lat- 
ter at the rate of about 250 pounds. 


Yellow Silt Loam (935, 1135) 

The oceurrence of Yellow Silt Loam in Douglas county is limited almost 
entirely to the southeastern part of the county. It is of little importance be- 
cause of its limited extent. The slopes are, for the most part, short and steep 
and suited only to timber or pasture. The character of this soil depends on the 
nature of its parent material and the amount of erosion which has taken place. 
Practically no profile development has taken place. 


TERRACE SOILS 
Relatively small areas of terrace soil occur in Douglas county. The ter- 
races were built up, for the most part, during and immediately following the 
Glacial period when overloaded and flooded streams deposited an immense 
amount of material in their channels. Later, as the streams diminished in size or 
cut their channels deeper, new bottoms were formed leaving the old flood plains 
above overflow. It was upon these plains that the terrace soils developed. 


Yellow-Gray Silt Loam Over Sand or Gravel (1536) 

Yellow-Gray Silt Loam Over Sand or Gravel is of little importance in 
Douglas county because of its limited extent. It is similar to the flat Yellow- 
Gray Silt Loam, Upland. The underlying sand or gravel is sufficiently deep that 
it does not cause a drouthy condition, and yet its presence improves the under- 
drainage. Limestone should be supplied and clover grown as is suggested for 
Yellow-Gray Silt Loam, Upland, described on the preceding page. 


SWAMP AND BOTTOM-LAND SOILS 
Swamp and bottom-land soils include the flood plains along the rivers and 
creeks and the small areas of Peat south and east of Hindsboro. 


Mixed Loam (1454) 

The name Mixed Loam is given to those narrow tracts of land found in the 
stream valleys and made up of such a mixture of different kinds of soil as to 
render impossible any definite type description. 

Management.—The diversity of Mixed Loam calls for different tillage meth- 
ods where the extremes in the type occur. Some areas are so heavy as to require 
care in working them at the right moisture content, while others are very sandy. 
The type in general is not acid and needs only fresh organic matter and in- 
telligent tillage. It is a productive soil but is so generally subject to overflow 
that much of it is used for timber or pasture. It is excellent corn land except 
where overflow is: too frequent. 


Deep Peat (1401) 
Deep Peat occurs only in three small areas south and east of Hindsboro. 
Information will be furnished by correspondence regarding these areas. 


APPENDIX 
EXPLANATIONS FOR INTERPRETING THE SOIL SURVEY 
CLASSIFICATION OF SOILS 


In order to interpret the soil map intelligently, the reader must understand 
something of the method of soil classification upon which the survey is based. 
Without going far into details the following paragraphs are intended to furnish 
a brief explanation of the general plan of classification used. 

The soil type is the unit of classification. Each type has definite character- 
istics upon which its separation from other types is based. These characteristics 
are inherent in the strata, or ‘‘horizons,’’ which constitute the soil profile in all 
mature soils. Among them may be mentioned color, structure, texture, and 
chemical composition. Other items, such as native vegetation (whether timber 
or prairie), topography, and geological origin and formation, may assist in the 
differentiation of types, altho they are not fundamental to it. 

Since some of the terms used in designating the factors which are taken into 
account in establishing soil types are technical in nature, the following definitions 
are introduced: 

Horizon. A layer or stratum of soil which differs discernibly from those adjacent in 
color, texture, structure, chemical composition, or a combination of these characteristics, is 
called an horizon. In describing a matured soil, three horizons designated as A, B, and C 
are usually considered. 

A designates the upper horizon and, as developed under the conditions of a humid, 
temperate climate, represents the layer of extraction or eluviation; that is to say, material in 
solution or in suspension has passed out of this zone thru the processes of weathering. 

B represents the layer of concentration or illuviation; that is, the layer developed as a 


result of the accumulation of material thru the downward movement of water from the A 
horizon. 

C designates the layer lying below the B horizon and in which the material has been 
less affected by the weathering processes. 

Frequently differences within a stratum or zone are discernible, in which case it is sub- 
divided and described under such designations as A, and A,, B, and B,, ete. 

Soil Profile. The soil section as a whole is spoken of as the soil profile. 

Depth and Thickness. The horizons or layers which make up the soil profile vary in 
depth and thickness. These variations are distinguishing features in the separation of soils 
into types. 

Physical Composition. The physical composition, sometimes referred to as ‘‘texture,’’ 
is a most important feature in characterizing a soil. The texture depends upon the relative 
proportions of the following physical constituents: clay, silt, fine sand, sand, gravel, stones, 
and organic material. 

Structure. The term ‘‘structure’’ has reference to the aggregation of particles within 
the soil mass and carries such qualifying terms as open, granular, compact, columnar, laminated. 

Organic-Matter Content. The organic matter of soil is derived largely from plant tissue 
and it exists in a more or less-advanced stage of decomposition. Organie matter forms the 
predominating constituent in certain soils of swampy formation. 

Color. Color is determined to a large extent by the proportion of organic matter, but 
at the same time it is modified by the mineral constituents, especially by iron compounds. 

Reaction. The term ‘‘reaction’’ refers to the chemical state of the soil with respect 
to acid or alkaline condition. It also involves the idea of degree, as strongly acid or 
strongly alkaline. ‘ 

Carbonate Content. The carbonate content has reference to the calcium carbonate 
(limestone) present, which in some cases may be associated with magnesium or other car- 
bonates. The depth at which carbonates are found may become a very important factor 
in determining the soil type. 

Topography. Topography has reference to the lay of the land, as level, rolling, hilly, ete. 
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Native Vegetation. The vegetation or plant growth before being disturbed by man, 
as prairie grasses and forest trees, is a feature frequently recognized in differentiating 
soil types. 

Geological Origin. Geological origin involves the idea of character of rock materials 


composing the soil as well as the method of formation of the soil material. 

Not infrequently areas are encountered in which type characters are not 
distinctly developed or in which they show considerable variation. When these 
variations are considered to have sufficient significance, type separations are made 
wherever the areas involved are sufficiently large. Because of the almost infinite 
variability occurring in soils, one of the exacting tasks of the soil surveyor is to 
determine the degree of variation which is allowable for any given type. 


Classifying Soil Types.—In the system of classification used, the types fall 
first into four general groups based upon their geological relationships; namely, 
upland, terrace, swamp and bottom land, and residual. These groups may be 
subdivided into prairie soils and timber soils, altho as a matter of fact this sub- 
division is applied in the main only to the upland group. These terms are all 
explained in the foregoing part of this report in connection with the description 
of the particular soil types. 


Naming and Numbering Soil Types.—In the Illinois soil survey a system of 
nomenclature is used which is intended to make the type name convey some idea 
of the nature of the soil. Thus the name ‘‘Yellow-Gray Silt Loam”’ carries in 
itself a more or less definite description of the type. It should not be assumed, 
however, that this system of nomenclature makes it possible to devise type names 
which are adequately descriptive, because the profile of mature soils is usually 
made up of three or more horizons and it is impossible to describe each horizon 
in the type name. The color and texture of the surface soil are usually included 
in the type name and when material such as sand, gravel, or rock lies at a depth 
of less than 30 inches, the fact is indicated by the word ‘‘On,’’ and when its 
depth exceeds 30 inches, by the word ‘‘Over’’; for example, Brown Silt Loam On 
Gravel and Brown Silt Loam Over Gravel. 

As a further step in systematizing the listing of the soils of Illinois, recog- 
nition is given to the location of the types with respect to the geological areas 
in which they oceur. According to a geological survey made many years ago, 
the state has been divided into seventeen areas with respect to geological forma- 
tion and, for the purposes of the soil survey, each of these areas has been assigned 
an index number. The names of the areas together with their general location 
and their respective index numbers are given in the following list. 


* 000 Residual, soils formed in place thru disintegration of rocks, and also rock outcrop 

100 Unglaciated, including three areas, the largest being in the south end of the state 

200 Illinoian moraines, including the moraines of the Illinoian glaciations 

300 Lower Iilinoian glaciation, formerly considered as covering nearly the south third of the 
state 

400 Middle Illinoian glaciation, covering about a dozen counties in the west-central part of 
the state 

500 Upper Illinoian glaciation, covering about fourteen counties northwest of the middle 
Tllinoian glaciation 

600 Pre-Iowan glaciation, but now believed to be part of the upper Illinoian 

700 Iowan glaciation, lying in the central northern end of the state 

800 Deep loess areas, including a zone a few miles wide along the Wabash, Illinois, and 
Mississippi rivers 

900 Early Wisconsin moraines, including the moraines of the early Wisconsin glaciation 
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1000 Late Wisconsin moraines, including the moraines of the late Wisconsin glaciation 

1100 Early Wisconsin glaciation, covering the greater part of the northeast quarter of the 
state 

1200 Late Wisconsin glaciation, lying in the northeast corner of the state 

1300 Old rwer-bottom and swamp lands, formed by material derived from the Illinoian or 
older glaciations 

1400 Late river-bottom and swamp lands, formed by material derived from the Wisconsin and 
Iowan glaciations 

1500 Terraces, bench or second bottom lands, and gravel outwash plains 

1600 Lacustrine deposits, formed by Lake Chicago, the enlarged glacial Lake Michigan 


Further information regarding these geological areas is given in connection 
with the general map mentioned above and published in Bulletin 123 (1908). 

Another set of index numbers is assigned to the classes of soils as based 
upon physical composition. The following list contains the names of these classes 
with their corresponding index numbers. 


Index Number Limits Class Names 
OLLOP YS Oiepees te rayeccestelisie ore oweverelenensiar earaterets crake Peats 
E20 BD ce Aeris ars (ngeytetonshasrebelb vote ovens vouere wie tete Peaty loams 
US PCO' DA Ne es) s ayeta vos Osa) so Vetoreeciete nie retro Mucks 
5 GOR LO a2 Bye rcwevcte lark stats: oe teteetores sustohe eens Tee Clays 
pA OF oye ds SOR Dio OD Die cen GO Gow te dy oc Clay loams 
BT LO AS oxcitsi'e'e oie Bvcuaisive s¥afer ei e¢sheler stare reteReters Silt loams 
DU SGDADI Os rorace sata eror anche Voleile vetatevels eles aentte atarane Loams 
ORTON Diaes alcier pra nave te so el Suara ames Jats eee o ss Sandy loams 
SOMTORSD eiarverotate: ate eerste sterol seve stetnetet rena ste Sands 
Oni CE posta Gp ooonougbats aa curouce 5 ¢ Gravelly loams 
ia OM CS acerca Gon Oe DODO cao Ome Gravels 
QS rave stus alasg 5/55; she jovaensysteverel eve @terieneiets Stony loams 
Eh aognonosbonuosquedarecnpon sank Rock outcrop 


As a convenient means of designating types and their location with respect 
to the geological areas of the state, each type is given a number made up of a 
combination of the index numbers explained above. This number indicates the 
type and the geological area in which it occurs. The geological area is always 
indicated by the digits of the order of hundreds while the remainder of the 
number designates the type. To illustrate: the number 1126 means Brown Silt 
Loam in the early Wisconsin glaciation, 434 means Yellow-Gray Silt Loam of the 
middle Illinoian glaciation. These numbers are especially useful in designating 
very small areas on the map and as a check in reading the colors. 

A complete list of the soil types occurring in each county, along with their 
corresponding type numbers and the area covered by each type, will be found 
in the respective county soil reports in connection with the maps. 


SOIL SURVEY METHODS 
Mapping of Soil Types—In conducting the soil survey, the county consti- 
tutes the unit of working area. The field work is done by parties of two to four 
men each. The field season extends from early in April to the last of November. 
During the winter months the men are engaged in preparing a copy of the soil 
map to be sent to the lithographer, a copy for the use of the county farm adviser 
until the printed map is available, and a third copy for use in the office in order 

to preserve the original official map in good condition. 
An accurate base map for field use is necessary for soil mapping. These 
maps are prepared on a scale of one inch to the mile, the official data of the 
original or subsequent land survey being used as the basis in their construction. 
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Each surveyor is provided with one of these base 
maps, which he earries with him in the field; and 
the soil type boundaries, together with the streams, 
roads, railroads, canals, town sites, and rock and 
gravel quarries are placed in their proper location 
upon the map while the mapper is on the area. 
With the rapid development in road improvement 
during the past few years, it is almost inevitable 
that some recently established roads wili not 
appear on the published soil map. Similarly, 
changes in other artificial features will occasion- 
ally occur in the interim between the preparation 
of the map and its publication. The detail or 
minimum size of areas which are shown on the 
map varies somewhat, but in general a soil type 
if less than five acres in extent is not shown. 


Sampling for Analysts—After all the soil 
types of a county have been located and mapped, 
samples representative of the different types are 
collected for chemical analysis. The samples for 
this purpose are usually taken in three depths; 
namely, 0 to 624 inches, 624 to 20 inches, and 20 
to 40 inches, as explained in connection with the 
discussion of the analytical data on page 6. 


PRINCIPLES OF SOIL FERTILITY 


Probably no agricultural fact is more gener- 

ally known by farmers and landowners than that 

hi oe eee THE Sots soils differ in productive power. <A fact of equal 

importanee, not so generally recognized, is that 

they also differ in other characteristics such as response to fertilizer treatment 
and to management. 

The soil is a dynamic, ever-changing, exceedingly complex substance made 
up of organic and inorganic materials and teeming with life in the form of 
microorganisms. Because of these characteristics, the soil cannot be considered 
as a reservoir into which a given quantity of an element or elements of plant 
food ean be poured with the assurance that it will respond with a given increase 
in crop yield. In a similar manner it cannot be expected to respond with per- 
fect uniformity to a given set of management standards. To be productive a 
soil must be in such condition physically with respect to structure and moisture as 
to encourage root development; and in such condition chemically that injurious 
substances are not present in harmful amounts, that a sufficient supply of the 
elements of plant food become available or usable during the growing season, 
and that lime materials are present in sufficient abundance favorable for the 
growth of the higher plants and of the beneficial microorganisms. Good soil 
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management under humid conditions involves the adoption of those tillage, crop- 
ping, and fertilizer treatment methods which will result in profitable and per- 
manent erop production on the soil type concerned. 

The following paragraphs are intended to state in a brief way. some of the 
principles of soil management and treatment which are fundamental to profitable 
and continued productivity. 


CROP REQUIREMENTS WITH RESPECT TO PLANT-FOOD MATERIALS 

At least ten of the chemical elements are known to be essential for the growth 
of the higher plants. These are carbon, hydrogen, oxygen, mtrogen, phosphorus, 
sulfur, potassium, calcium, magnesium, and tron. Other elements are absorbed 


roam 


Fig. 6.—ALL ESSENTIAL PLANT-FooD ELEMENTS Must BE PRESENT 


The jars in which these corn plants are growing contain pure sand to 
which have been added various combinations of the essential plant-food 
elements. If a single one of these elements is omitted, the plants cannot 
develop; they die after the small supply stored in the seed becomes 
exhausted. 


from the soil by growing plants, including manganese, silicon, sodium, aluminum, 
chlorin, and boron. It is probable that these latter elements are present in 
plants for the most part, not because they are required, but because they are 
dissolved in the soil water and the plant has no means of preventing their 
entrance. There is some evidence, however, which indicates that certain of these 
elements, notably manganese, silicon, and boron, may be either essential but 
required in only minute quantities, or very beneficial to plant growth under 
certain conditions, even tho not essential. Thus, for example, manganese has 
produced marked increases in crop yields on heavily limed soils. Sodium also 
has been found capable of partially replacing potassium in ease of a shortage 
of the latter element. 

Table 5 shows the requirements of some of our most common field crops with 
respect to seven important plant-food elements furnished by the soil. The 
figures show the weight in pounds of the various elements contained in a bushel 
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TABLE 5.—PLANT-Foop ELEMENTS IN CoMMON Farm Crops! 


Produce 
Nitrogen Phos- | gulfur | Potas- | Magne-/Calcium| Iron 
Tad ecount phorus sium sium 
: lbs. lbs. lbs. lbs. lbs. lbs. lbs. 
Wheat, grain...... 1 bu. 1.42 .24 .10 .26 .08 .02 .O1 
Wheat straw...... 1 ton 10.00 1.60 2.80 18.00 1.60 3.80 .60 
Corn, grain....... 1 bu. 1.00 ales .08 .19 .07 01 01 
Corn stover....... 1 ton 16.00 2.00 2.42 tino 3.33 7.00 1.60 
G@ornzeouss «ness 1 ton OME MMe eenlil, it tee 7A) OH el ore tea Ol MP cCad| icy ee 
Oats, grainy:...... 1 bu. . 66 Jain .06 JUG 04 .02 01 
Ontistrawschnra. . 1 ton 12.40 2.00 4.14 20.80 2.80 6.00 1.12 
Clover seed....... 1 bu. ee 53 POOH Mpakee nclale 7.20. Lovee 
Clover hay....... 1 ton 40.00 5.00 3.28 30.00 Veto 29.25 1.00 
Soybean seed..... 1 bu. Bh ap, .39 sel 1726 Sats, Pale alt ea A 
Soybean hay......| 1 ton 43.40 4.74 5.18 35.48 13.84 ZUsOORE er 
Alfalfa hay....... 1 ton 52.08 4.76 5.96 16.64 8.00 22) 20" \e eet ae 


'These data are brought together from various sources. Some allowance must be made for 
the exactness of the figures because samples representing the same kind of crop or the same kind 
of material frequently exhibit considerable variation. 


or in a ton, as the case may be. From these data the amount of an element re- 
moved from an acre of land by a crop of a given yield can easily be computed. 


PLANT-FOOD SUPPLY 


Of the elements of plant food, three (carbon, oxygen, and hydrogen) are 
secured from air and water, and the others from the soil. Nitrogen, one of the 
elements obtained from the soil by all plants, may also be secured from the air 
by the elass of plants known as legumes, in case the amount liberated from the 
soil is insufficient; but even these plants are dependent upon the soil for the 
other elements, and they also utilize the soil nitrogen so far as it becomes soluble 
. and available during their period of growth. 

The vast difference with respect to the supply of these essential plant-food 
elements in different soils is well brought out in the data of the Illinois soil 
survey. For example, it has been found that the nitrogen in the surface 635 
inches, which represents the plowed stratum, varies in amount from 180 pounds 
per acre to more than 35,000 pounds. In like manner the phosphorus content 
varies from about 320 to 4,900 pounds, and the potassium ranges from 1,530 to 
about 58,000 pounds. Similar variations are found in all of the other essential 
plant-food elements of the soil. 

With these facts in mind it is easy to understand how a deficiency of one 
of these elements of plant food may become a limiting factor of crop production. 
When an element becomes so reduced in quantity as to become a limiting factor 
of production, then we must look for some outside source of supply. Table 6 
is presented for the purpose of furnishing information regarding the quantity 
of some of the more important plant-food elements contained in materials most 
commonly used as sources of supply. 
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TaBLp 6.—Piant-Foop ELEMENTS IN Manure, Roucu FEEps, AND FERTILizErs! 


Pounds of plant food per ton 


Material of material 
Nitrogen Phosphorus Potassium 
A sbesclekgitzhy cet coven o¥hh ac vaal & jyinide rus 5k ol Oem cee oMows Gen CCN 10 2 8 
COrnestO Ver sky ees staceoee  oeFace nike wot ae ae 16 2 ilys 
(VAM OL AWS site cacccccola dg coty Die aioe ate Ieee a io ea 12 2 21 
WIG AUR UL AWarrs oe ood cates Les here teens eh ee 10 2 18 
GLOVER TA Vireo tae erstercio ates) ausraye asafianen yore gels aie 40 5 30 
OO WiTORULVA YR hrk Go Ae eer hore, Waele rouse or aerate 43 5 33 
AI TR ERE on Oe AMBRE se cach Ot re ato toes Mica Te eaCIe 50 4 24 
Sweet clover (water-free basis)?................. 80 8 28 
1B s1{216 lb) 0} Royoye Rash ase C3, 88. ARP Dee Ro ia ie siete | aya 280 | rere oa Cl 
SOGUUMENIUT ATE och thes oo eae eee oe th A aetae 310 =|) Oe tion ef 
ATMIMOMIMIM SUT ates stk « ssa cha Were dle Sve eyed oe 400. | aie Fetes | ec t= 
Ra WROOME TCA pct etovans cine aie.o irene ieee teeta eites 80 180-5 ee ier soos 
SleamMe cde DONecMOAal, wea mer neces ceon eevee ainren 20 250) ees 
Ra WeLOCk PUOSpUabe... -atkch a ine ©. uation srr al em ere 250) aes | Sa 
NCI NOSPLALC ae sects och Rota cle eee eatenie casted ned ae 125) A eetaae et 
Potassiim: -chlorid'<. <2 cot. <a scidisitwe aera esas eee en | 850 
Rotassiumi sulfa tei. vii: ce eiewreea seeds cvogetre a(t | Guiessls Ln 850 
CCS ae Ee een ee ON Ae 200 
Wioodtasnes®i(anieached) name oy ote ne hoe el eee Ome 100 


1See footnote to Table 5. 
“Young second-year growth ready to plow under as green manure. 
3’Wood ashes also contain about 1,000 pounds of lime (calcium carbonate) per ton. 


LIBERATION OF PLANT FOOD 


The chemical analysis of the soil gives the invoice of plant-food elements 
actually present in the soil strata sampled and analyzed, but the rate of libera- 
tion is governed by many factors, some of which may be controlled by the farmer, 
while others are largely beyond his control. Chief among the important con- 
trollable factors which influence the liberation of plant food are the choice of 
crops to be grown, the use of limestone, and the incorporation of organic matter. 
Tillage, especially plowing, also has a considerable effect in this connection. 


Feeding Power of Plants—Different species of plants exhibit a very great 
diversity in their ability to obtain plant food directly from the insoluble minerals 
of the soil. As a class, the legumes—especially such biennial and perennial 
legumes as red clover, sweet clover, and alfalfa—are endowed with unusual 
power to assimilate from mineral sources such elements as calcium and phos- 
phorus, converting them into available forms for the crops that follow. For this 
reason it is especially advantageous to employ such legumes in connection with 
the application of limestone and rock phosphate. Thru their growth and subse- 
quent decay large quantities of the mineral elements are liberated for the benefit 
of the cereal crops which follow in the rotation. Moreover, as an effect of the 
deep-rooting habit of these legumes, mineral plant-food elements are brought up 
and rendered available from the vast reservoirs of the lower subsoil. P 

Effect of Limestone.—Limestone corrects the acidity of the soil and supplies 
calcium, thus encouraging the development not only of the nitrogen-gathering 
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bacteria which live in the nodules on the roots of clover, cowpeas, and other 
legumes, but also the nitrifying bacteria, which have power to transform the 
unavailable organic nitrogen into available nitrate nitrogen. At the same time, 
the products of this decomposition have power to dissolve minerals contained in 
the soil, such as potassium and magnesium compounds. 


Organic Matter and Biological Action.—Organic matter may be supplied 
thru animal manures, consisting of the excreta of animals and usually accom- 
panied by more or less stable litter; and by plant manures, including green- 
manure crops and cover crops plowed under, and also crop residues such as stalks, 
straw, and chaff. The rate of decay of organic matter depends largely upon its 
age, condition, and origin, and it may be hastened by tillage. The chemical 
analysis shows correctly the total organic carbon, which constitutes, as a rule, 
but little more than half the organic matter; so that 20,000 pounds of organic 
earbon in the plowed soil of an acre corresponds to nearly 20 tons of organic 
matter. But this organic matter consists largely of the old organic residues that 
have accumulated during the past centuries because they were resistant to decay, 
and 2 tons of clover or cowpeas plowed under may have greater power to liberate 
plant-food materials than 20 tons of old, inactive organic matter. The history of 
the individual farm or field must be depended upon for information concerning 
recent additions of active organic matter, whether in applications of farm manure, 
in legume crops, or in sods of old pastures. 

The condition of the organic matter of the soil is indicated to some extent 
by the ratio of carbon to nitrogen. Fresh organic matter recently incorporated 
with the soil contains a very much higher proportion of carbon to nitrogen than 
do the old resistant organic residues of the soil. The proportion of carbon to 
nitrogen is higher in the surface soil than in the corresponding subsoil, and in 
general this ratio is wider in highly productive soils well charged with active 
organic matter than in very old, worn soils badly in need of active organic matter. 

The organic matter furnishes food for bacteria, and as it decays certain 
decomposition products are formed, including much carbonic acid, some nitrous 
acid, and various organic acids, and these acting upon the soil have the power to 
dissolve the -essential mineral plant foods, thus furnishing available phosphates, 
nitrates, and other salts of potassium, magnesium, calcium, etc., for the use of 
the growing crop. 

Effect of Tillage.—Tillage, or cultivation, also hastens the liberation of plant- 
food elements by permitting the air to enter the soil. It should be remembered, 
however, that tillage is wholly destructive, in that it adds nothing whatever to 
the soil, but always leaves it poorer, so far as plant-food materials are concerned. 
Tillage should be practiced so far as is necessary to prepare a suitable seed bed 
for root development and also for the purpose of killing weeds, but more than 
this is unnecessary and unprofitable; and it is much better actually to enrich 
the soil by proper applications of limestone, organic matter, and other fertilizing 
materials, and thus promote soil conditions favorable for vigorous plant growth, 
than to depend upon excessive cultivation to accomplish the same object at the 
expense of the soil. 
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PERMANENT SOIL IMPROVEMENT 
According to the kind of soil involved, any comprehensive plan contemplat- 
ing a permanent system of agriculture will need to take into account some of the 
following considerations. 


The Application of Limestone 

The Function of Limestone.—In considering the application of limestone 
to land it should be understood that this material functions in several different 
ways, and that a beneficial result may therefore be attributable to quite diverse 
causes. Limestone provides calcium, of which certain crops are strong feeders. 
It corrects acidity of the soil, thus making for some crops a much more favorable 
environment as Well as establishing conditions absolutely required for some of 
the beneficial legume bacteria. It accelerates nitrification and nitrogen fixation. 
It promotes sanitation of the soil by inhibiting the growth of certain fungous 
diseases, such as corn-root rot. Experience indicates that it modifies either 
directly or indirectly the physical structure of fine-textured soils, frequently to 
their great improvement. Thus, working in one or more of these different ways, 
limestone often becomes the key to the improvement of worn lands. 


How to Ascertain the Need for Limestone.—One of the most reliable indica- 
tions as to whether a soil needs limestone is the character of the growth of certain 
legumes, particularly sweet clover and alfalfa. These crops do not thrive in 
acid soils. Their suecessful growth, therefore, indicates the lack of sufficient 
acidity in the soil to be harmful. In case of their failure to grow the soil should 
be tested for acidity as described below. <A very valuable test for ascertaining 
the need of a soil for limestone is found in the potassium thiocyanate test for soil 
acidity. It is desirable to make the test for carbonates along with the acidity — 
test. Limestone is calcium carbonate, while dolomite is the combined carbonates 
of calcium and magnesium. The natural occurrence of these carbonates in the 
soil is sufficient assurance that no limestone is needed, and the acidity test will 
be negative. On lands which have been treated with limestone, however, the 
surface soil may give a positive test for carbonates, owing to the presence of 
undecomposed pieces of limestone, and at the same time a positive test for acidity 
may be secured. Such a result means either that insufficient limestone has been 
added to neutralize the acidity, or that it has not been in the soil long enough 
to entirely correct the acidity. In making these tests, it is desirable to examine 
samples of soil from different depths, since carbonates may be present, even in 
abundance, below a surface stratum that is acid. Following are the directions 
for making the tests: 


_ The Potassium Thiocyanate Test for Acidity. This test is made with a 4-percent solu- 
tion of potassium thiocyanate in aleohol—4 grams of potassium thiocyanate in 100 cubic 
centimeters of 95-percent alecohol.1 When a small quantity of soil shaken up in a test tube 
with this solution gives a red color the soil is acid and limestone should be applied. If the 
solution remains colorless the soil is not acid. An excess of water interferes with the reac- 
tion. The sample when tested, therefore, should be at least as dry as when the soil is in 


*Since undenatured alcohol is difficult to obtain, some of the denatured alcohols have 
been tested for making this solution. Completely denatured alcohol made over U. 8S. 
Formulas No. 1 and No. 4, have been found satisfactory. Some commercial firms are also 
offering other preparations which are satisfactory. 
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good tillable condition. For a prompt reaction the temperature of the soil and solution 
should be not lower than that of comfortable working conditions (60° to 75° Fahrenheit). 


The Hydrochloric Acid Test for Carbonates. Take a small representative sample of 
soil and pour upon it a few drops of hydrochloric (muriatic) acid, prepared by diluting the 
concentrated acid with an equal volume of water. The presence of limestone or some other 
carbonates will be shown by the appearance of gas bubbles within 2 or 8 minutes, producing 
foaming or effervescence. The absence of carbonates in a soil is not in itself evidence that 
the soil is acid or that limestone should be applied, but it indicates that the confirmatory 
potassium thiocyanate test should be carried out. 


Amounts to Apply.—Acid soils should be treated with limestone whenever 
such application is at all practicable. The initial application varies with the 
degree of acidity and will usually range from 2 to 6 tons an acre. The larger 
amounts will be needed on strongly acid soils, particularly on land being pre- 
pared for alfalfa. When sufficient limestone has been used to establish condi- 
tions favorable to the growth of legumes, no further applications are necessary 
until the acidity again develops to such an extent as to interfere with the best 
growth of these crops. This will ordinarily be at intervals of several years. In 
the case of an inadequate supply of magnesium in the soil, the occasional use of 
magnesian (dolomitic) limestone would serve to correct this deficiency. Other- 
wise, so far as present knowledge indicates, either form of limestone—high- 
calcium or magnesian—will be equally effective, depending upon the purity and 
fineness of the respective stones. 


Fineness of Material.—The firieness to which limestone is ground is an im- 
portant consideration in its use for soil improvement. Experiments indicate that 
a considerable range in this regard is permissible. Very fine grinding insures 
ready solubility, and thus promptness in action; but the finer the grinding the 
ereater is the expense involved. A grinding, therefore, that. furnishes not too 
large a proportion of coarser particles along with the finer, similar to that of the 
by-product material on the market, is to be recommended. Altho the exact pro- 
portions of coarse and fine material cannot be prescribed, it may be said that a 
limestone crushed so that the coarsest fragments will pass thru a sereen of 4 to 10 
meshes to the inch is satisfactory if the total product is used. 


The Nitrogen Problem 


The nitrogen problem is one of foremost importance in American agricul- 
ture. There are four reasons for this: nitrogen is becoming increasingly 
deficient in most soils; its cost when purchased on the open market is often 
prohibitive; it is removed from the soil in large amounts by crops; and it is 
readily lost from soils by leaching. A 50-bushel crop of corn requires about 75 
pounds of nitrogen for its growth; and the loss of nitrogen from soils by leaching 
may vary from a few pounds to over one hundred pounds an acre in a year, de- 
pending upon the treatment of the soil, the distribution of rainfall, and the pro- 
tection afforded by growing crops. 

An inexhaustible supply of nitrogen is present in the air. Above each acre 
of the earth’s surface there are about 69 million pounds of atmospheric nitrogen. 
Leguminous plants such as clover are able, with the aid of certain bacteria, to 
draw upon the inexhaustible supply of air nitrogen, utilizing it in their food 
requirements. In so doing these leguminous plants, thru the decay of their own 
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Fig. 7—LEGUMES CAN OBTAIN THEIR NITROGEN FROM THE AIR 


The photograph tells the story of how clover benefits the soil. In the pot 
at the left a]l the essential plant-food elements, including nitrogen, are supplied. 
In the middle jar all the elements, with the single exception of nitrogen, are 
present. At the right nitrogen is likewise withheld but the proper bacteria are 
supplied which enable the clover to secure nitrogen from the air. 


tissues, add to the soil nitrogen that has been taken from the air and transformed 
into food material that can be assimilated by other kinds of erops that follow. 

There are two methods of collecting the inert nitrogen gas of the air and 
combining it into compounds that will furnish produets for plant growth. These 
are the chemical and the biological fixation of the atmospheric nitrogen. Farmers 
have at their command one of these methods. By growing inoculated legumes, 
nitrogen may be obtained from the air, and by plowing under more than the roots 
of these legumes, nitrogen may be added to the soil., 

Inasmuch as legumes are worth growing for purposes other than the fixation 
of atmospheric nitrogen, a considerable portion of the nitrogen thus gained may 
be considered a by-product. Because of that fact, it is questionable whether the 
chemical fixation of nitrogen will ever be able to replace the simple method of 
obtaining atmospheric nitrogen by growing inoculated legumes in the production 
of our great grain and forage crops. : 

It may well be kept in mind that the following amounts of nitrogen are re- 
quired for the produce named: 


1 bushel of oats (grain and straw) requires 1 pound of nitrogen. 

1 bushel of corn (grain and stalks) requires 14% pounds of nitrogen. 

1 bushel of wheat (grain and straw) requires 2 pounds of nitrogen. 

ton of timothy contains 24 pounds of nitrogen. 

ton of clover contains 40 pounds of nitrogen. 

ton of cowpea hay contains 43 pounds of nitrogen. 

ton of alfalfa contains 50 pounds of nitrogen. 

ton of average manure contains 10 pounds of nitrogen. 

ton of young sweet clover, at about the stage of growth when it is plowed under as 
green manure, contains, on water-free basis, 80 pounds of nitrogen. 


HHH Hee 


The roots of clover contain about half as much nitrogen as the tops, and the 
roots of cowpeas contain about one-tenth as much as the tops. Soils of mod- 
erate productive power will furnish as much nitrogen to clover (and two or three 
times as much to cowpeas) as will be left in the roots and stubble. In grain 
crops, such as wheat, corn, and oats, about two-thirds of the nile is contained 
in the grain and one-third in the straw or stalks. 
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The Phosphorus Problem 

The element phosphorus is an indispensable constituent of every living cell. 
It is intimately connected with the life processes of both plants and animals, the 
nuclear material of the cells being especially rich in this element. 

Different soil types display great variation in phosphorus content. In Ili- 
nois soils a range from 320 to 4,900 pounds an acre has been found in the sur- 
face 624 inches, depending mainly on the origin of the soil. 

The removal of phosphorus by continuous cropping slowly reduces the 
amount of this element available for crop use unless its addition is provided for 
by natural means such as overflow, or by agricultural practices such as the addi- 
tion of phosphatic fertilizers and the use of rotations in which deep-rooting 
leguminous crops are frequently grown. 

It should be borne in mind in connection with the application of phosphate, 
or of any other fertilizing material, to the soil, that no benefit can result until 
the need for it has become a limiting factor in plant growth. For example, if 
there is already present in. the soil sufficient available phosphorus to produce a 
forty-bushel crop, and the nitrogen supply or the moisture supply is sufficient 
for only forty bushels, or less, then extra phosphorus added to the soil cannot 
increase the yield beyond this forty-bushel limit. 

There are several different phosphorus-containing materials that are used 
as fertilizers. The more important of these are rock phosphate, superphosphate, 
bone meal, and basie slag. 


Rock Phosphate——Rock phosphate is a mineral substance found in vast de- 
posits in certain regions. A good grade of the rock should contain 12 to 15 per- 
cent of the phosphorus element. The rock should be ground to a powder fine 
enough to pass thru a 100-mesh sieve, or even finer. 

Superphosphate—Superphosphate is produced by treating rock phosphate 
with sulfuric acid. The two are mixed in about equal amounts; the product 
therefore contains about one-half as much phosphorus as the rock phosphate 
itself. By further processing, different concentrations are produced. The most 
common grades of superphosphate now on the market contain respectively 7, 834, 
and 1014 percent of the element phosphorus, and even more highly concentrated 
products containing as high as 21 percent are to be had. In fertilizer literature 
the term phosphorus is usually expressed as ‘‘phosphoric acid’’ (P,O,) rather 
than the element phosphorus (P), and the chemical relation between the two is 
such as to make the above figures correspond to 16, 20, 24, and 48 percent of 
phosphoric acid respectively. Besides phosphorus, superphosphate also contains 
sulfur, which is likewise an element of plant food. In general, phosphorus in 
superphosphate is considered to be more readily available for absorption by 
plants than that of raw rock phosphate. 


Bone Meal.—Prepared from the bones of animals, bone meal appears on the 
market in two different forms, raw and steamed. Raw bone meal contains, be- 
sides the phosphorus, a considerable percentage of nitrogen. If the material is 
purchased only for the sake of the phosphorus, the cost of the nitrogen repre- 
sents a useless expense. Steamed bone meal is prepared by extracting most 
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of the nitrogenous and fatty matter from the bones, thus producing a more nearly 
pure form of caletum phosphate, containing about 10 to 12 percent of the ele- 
ment phosphorus and about 1 percent of the element nitrogen. 


Basic Slag.—Basie slag, known also as Thomas phosphate, is another car- 
rier of phosphorus that might be mentioned because of its considerable usage 
in Europe and eastern United States. Basie slag is a by-product in the manu- 
facture of steel. It contains a considerable proportion of basic material and 
therefore tends to influence the soil reaction in the direction of reducing soil 
acidity. 

Comparative Value of Different Forms of Phosphorus.—Obviously the car- 
rier of phosphorus that gives the most economical returns, considered from all 
standpoints, is the best one to use. Altho this matter has been the subject of 
much discussion and investigation, the question remains unsettled. The fact 
probably is that there is no single carrier that will prove the most economical 
under all circumstances because so much depends upon soil conditions, crops 
grown, length of haul, and market conditions. 

The relative cheapness of raw rock phosphate as compared with the treated 
material, superphosphate, makes it possible to apply for equal money expendi- 
ture considerably more phosphorus per acre in the form of rock than in the 
form of superphosphate, the ratio being, under present market conditions, 
roughly speaking 314 to 1; that is to say, a dollar will purchase about three and 
a half times as much of the phosphorus element in the form of rock phosphate 
as in the form of superphosphate, and this is an important consideration if 
one is interested in building up a phosphorus reserve in the soil. 

Rock phosphate may be applied at any time during a rotation, but it is 
applied to the best advantage either preceding a crop of clover, which plant 
seems to possess an unusual power for assimilating the phosphorus from raw 
phosphate, or else at a time when it can be plowed under with some form of 
organic matter such as animal manure or green manure, the decay of which 
serves to liberate the phosphorus from its insoluble condition in the rock. It is 
important that the finely ground rock phosphate be intimately mixed with the 
organic material as it is plowed under. 

In using superphosphate or bone meal in a cropping system which includes 
wheat, it is a common practice to apply the material in the preparation of the 
wheat ground. It may be advantageous, however, to divide the total amount 
to be used and apply a portion to the other crops of the rotation, particularly 
to corn and to clover. 


The Potassium Problem 

Our most common soils, the silt loams and clay loams, are well stocked with 
potassium, altho it exists mainly in a very slowly soluble form. Many field ex- 
periments in various sections of Illinois during the past twenty-five years have 
shown little or no response to the application of potassium in the production of 
our common grain and hay crops. On the light-colored soils of southern Illinois, 
however, where stable manure has not been employed, potassium has been ap- 
plied with profit, the benefit appearing mainly in the corn crop. 
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Peat soils are usually low in potassium content. It has frequently been 
demonstrated in field experiments located on peat land that the difference be- 
tween success and failure in raising crops depends upon the application of a 
potash fertilizer. 

Potassium has proved beneficial also on the so-called ‘‘alkali’’ spots oceur- 
ring on certain soil types that are rather high in organic matter, including peat 
and very dark-colored sandy, silt, and clay loams. The potassium salts in this 
case appear to exert a corrective influence over what seems to be an unbalanced 
plant-food condition caused by an excess of nitrate in the soil. 

Potassium fertilizer may be procured in the form of one of its salts, such as 
chlorid, sulfate, or carbonate of potassium, and any of these materials may be 
applied, where needed, at the rate of 50 to 150 pounds an acre, according to the 
method of distribution. For our most common crops about the only basis for 
choosing among these forms is the matter of price, taking into consideration the 
potassium content. Kainit is another substance containing potassium, but it is 
combined with magnesium in the form of a double salt. It is therefore less con- 
-centrated than the salts mentioned, and so should be applied in larger quantities. 
An application of about 200 pounds or more of kainit to the acre is suggested. 


The Calcium and Magnesium Problem 


When measured by crop removals of the plant-food elements, calcium is 
often more limited in Illinois soils than is potassium, while magnesium may be 
occasionally. In the case of calcium, however, the deficiency is likely to develop 
more rapidly and become much more marked because this element is leached 
out of the soil in drainage water to a far greater extent than is either magnesium 
or potassium. 

The annual loss of limestone from the soil depends upon a number of factors 
aside from those which have to do with climatic conditions. Among these factors 
may be mentioned the character of the soil, the kind of limestone, its condition of 
fineness, the amount present, and the sort of farming practiced. Because of this 
variation in the loss of lime materials from the soil, it is impossible to prescribe a 
fixed practice in their renewal that will apply universally. The tests for acidity 
and carbonates described above, together with the behavior of such lime-loving 
legumes as alfalfa and sweet clover, will serve as general indicators for the 
frequency of applying limestone and the amount to use on a given field. 

Limestone has a direct value on some soils for the plant food which it 
supplies, in addition to its value in correcting soil acidity and in improving the 
physical condition of the soil. Ordinary limestone (abundant in the southern 
and western parts of Illinois) contains nearly 800 pounds of calcium per ton; 
while a good grade of dolomitic limestone (the more common limestone of north- 
ern Illinois) contains about 400 pounds of calcium and 300 pounds of magnesium 
per ton. Both of these elements are furnished in readily available form in 
ground dolomitic limestone. 
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The Sulfur Question 

In considering the relation of sulfur in a permanent system of soil fertility 
it is important to understand something of the cycle of transformations that this 
element undergoes in nature. Briefly stated this is as follows: / 

Sulfur exists in the soil in both organie and inorganic forms, the former 
being gradually converted to the latter form thru bacterial action. In this 
inorganic form sulfur is taken up by plants which in their physiological processes 
change it once more into an organic form as a constituent of protein. When 
these plant proteins are consumed by animals, the sulfur becomes a part of the 
animal protein. When these plant and animal proteins are decomposed, either 
thru bacterial action, or thru combustion, as in the burning of coal, the sulfur 
passes into the atmosphere or into the soil solution in the form of sulfur dioxid 
gas. This gas unites with oxygen and water to form sulfurie acid, which is 
readily washed back into the soil by the rain, thus completing the cycle, from 
soil—to plants and animals—to air—to soil. 

In this way sulfur becomes largely a self-renewing element of the soil, altho 
there is a considerable loss from the soil by leaching. Observations taken at the 
Illinois Agricultural Experiment Station show that 40 pounds of sulfur per acre 
are brought into the soil thru the annual rainfall. With a fair stock of sulfur, 
such as exists in our common types of soil, and with an annual return, which of 
itself would more than suffice for the needs of maximum crops, the maintenance 
of an adequate sulfur supply presents little reason at present for serious concern. 
There are regions, however, where the natural stock of sulfur in the soil is not 
nearly so high and where the amount returned thru rainfall is small. Under such 
circumstances sulfur soon becomes a limiting element of crop production, and it 
will be necessary sooner or later to introduce this substance from some outside 
source. Investigation is now under way to determine to what extent this situation 
may apply under Illinois conditions. 


Physical Improvement of Soils 

In the management of most soil types, one very important matter, aside from 
proper fertilization, tillage, and drainage, is to keep the soil in good physical 
condition, or good tilth. The constituent most important for this purpose is 
organic matter. Organic matter in producing good tilth helps to control washing 
of soi] on rolling land, raises the temperature of drained soil, increases the 
moisture-holding capacity of the soil, slightly retards capillary rise and conse- 
quently loss of moisture by surface evaporation, and helps to overcome the 
tendency of some soils to run together badly. 

The physical effect of organic matter is to produce a granulation or mellow- 
ness, by cementing the fine soil particles into crumbs or grains about as large as 
grains of sand, which produces a condition very favorable for tillage, percolation 
of rainfall, and the development of plant roots. 

Organic matter is undergoing destruction during a large part of the year 
and the nitrates produced in its decomposition are used for plant growth. Altho 
this decomposition is necessary, it nevertheless reduces the amount of organic 
matter, and provision must therefore be made for maintaining the supply. The 
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practical way to do this is to turn under the farm manure, straw, cornstalks, 
weeds, and all or part of the legumes produced on the farm. The amount of 
legumes needed depends upon the character of the soil. There are farms, espe- 
cially grain farms, in nearly every community where all legumes could be turned 
under for several years to good advantage. 

Manure should be spread upon the land as soon as possible after it is pro- 
duced for if it is allowed to lie in the barnyard several months as is so often the 
case, from one-third to two-thirds of the organic matter will be lost. 

Straw and cornstalks should be turned under, and not burned. There is 
considerable evidence indicating that on some soils undecomposed straw applied 
in excessive amount may be detrimental. Probably the best practice is to apply 
the straw as a constituent of well-rotted stable manure. Perhaps no form of 
organic matter acts more beneficially in producing good tilth than cornstalks. It 
is true, they decay rather slowly, but it is also true that their durability in the 
soil is exactly what is needed in the production of good tilth. Furthermore, the 
nitrogen in a ton of cornstalks is one and one-half times that of a ton of manure, 
and a ton of dry cornstalks incorporated in the soil will ultimately furnish as 
much humus as four tons of average farm manure. When burned, however, both 
the humus-making material and the nitrogen are lost to the soil. 

It is a common practice in the corn belt to pasture the cornstalks during 
the winter and often rather late in the spring after the frost is out of the ground. 
This trampling by stock sometimes puts the soil in bad condition for working. 
It becomes partially puddled and will be cloddy as a result. If tramped too late 
in the spring, the natural agencies of freezing and thawing and wetting and 
drying, with the aid of ordinary tillage, fail to produce good tilth before the 
corn is planted. Whether the crop be corn or oats, it necessarily suffers and if 
the season is dry, much damage may be done. If the field is put in corn, a poor 
stand is likely to result, and if put in oats, the soil is so compact as to be un- 
favorable for their growth. Sometimes the soil is worked when too wet. This 
also produces a partial puddling which is unfavorable to physical, chemical, and 
biological processes. The effect becomes worse if cropping has reduced the organic 
matter below the amount necessary to maintain good tilth. 


Systems of Crop Rotations 


In a program of permanent soil improvement one should adopt at the outset 
a good rotation of crops, including, for the reasons discussed above, a liberal 
use of- legumes. No one can say in advance for every particular case what will 
prove to be the best rotation of crops, because of variation in farms and farmers 
and in prices for produce. As a general principle the shorter rotations, with 
the frequent introduction of leguminous crops, are the best adapted for building 
up poor soils. 

Following are a few suggested rotations which may serve as models or out- 
lines to be modified according to special circumstances. 
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Six-Year Rotations 
First year —Corn 
Second year —Corn 
Third year —Wheat or oats (with clover) 
Fourth year —Clover 
Fifth year —Wheat (with clover) 
Siath year —Clover, or clover and grass 
In grain farming, with small grain grown the third and fifth years, most 
of the unsalable products should be returned to the soil, and the clover may be 
clipped and left on the land or returned after threshing out the seed; or, in 
livestock farming, the field may be used three years for timothy and clover 
pasture and meadow if desired. The system may be reduced to a five-year rota- 
tion by cutting out either the second or the sixth year, and to a four-year system 
by omitting the fifth and sixth years, as indicated below. 
The two following rotations are suggested as especially adapted for com- 
bating the corn borer: 


First year —Corn First year —Corn 

Second year —Soybeans Second year —Soybeans 

Third year —Small grain (with legume) Third year —Small grain (with legume) 
Fourth year —Legume Fourth year —Legume 

Fifth year —Corn (for silage) Fifth year Wheat (with alfalfa) 
Sixth year Wheat (with sweet clover) Siath year —Alfalfa 


Five-Year Rotations 


First year —Corn First year —Corn 
Second year —Wheat or oats (with clover) Second year —Soybeans 
Third year —Clover Third year —Corn 
Fourth year —Wheat (with clover) Fourth year —Wheat (with legume) 
Fifth year —Clover Fifth year —Legume 
First year —Corn 


Second year —Cowpeas or soybeans 
Third year —Wheat (with clover) 
Fourth year —Clover 
Fifth year —Wheat (with clover) 
The last rotation mentioned above allows legumes to be grown four times. 
Alfalfa may be grown on a sixth field rotating over all fields if moved every 
SIx years. 


Four-Year Rotations 


First year —Corn First year —Corn 

Second year —Wheat or oats (with clover) Second year —Corn 

Third year —Clover Third year —Wheat or oats (with clover) 
Fourth year —Wheat (with clover) Fourth year —Clover 

First year —Corn First year —Wheat (with clover) 
Second year —Cowpeas or soybeans Second year —Clover 

Third year —Wheat (with clover) Third year —Corn 

Fourth year —Clover Fourth year —Oats (with clover) 


Alfalfa may be grown on a fifth field for four or eight years, which is to be 
alternated with one of the four; or the alfalfa may be moved ovens five years, 
and thus rotated over all five fields every twenty-five years. 


on 
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Three-Year Rotations 


First year —Corn First year —Wheat or oats (with clover) 
Second year —Oats or wheat (with clover) Second year —Corn 
Third year —Clover Third year —Cowpeas or soybeans 


By allowing the clover, in the last rotation mentioned, to grow in the spring 
before preparing the land for corn, we have provided a system in which legumes 
grow on every acre every year. This is likewise true of the following suggested 
two-year system: 

Two-Year Rotations 
First year —Oats or wheat (with sweet clover) 
Second year —Corn 

Altho in this two-year rotation either oats or wheat is suggested, as a matter 
of fact, by dividing the land devoted to small grain, both of these crops can be 
grown simultaneously, thus providing a three-crop system in a two-year cycle. 

It should be understood that in all of the above suggested cropping systems 
it may be desirable in some cases to substitute barley or rye for the wheat or 
oats. Or, in some eases, it may become desirable to divide the acreage of small 
grain and grow in the same year more than one kind. In all of these proposed 
rotations the word clover is used in a general sense to designate either red clover, 
alsike clover, or sweet clover, or it may include alfalfa used as a biennial. The 
mixing of alfalfa with clover seed for a legume crop is a recommendable prac- 
tice. In connection with livestock production it may be desirable to mix grass 
with the clover for pasture or hay. The value of sweet clover, especially as a 
green manure for building up depleted soils, as well as a pasture and hay-crop, 
is becoming thoroly established, and its importance in a crop-rotation program 
may well be emphasized. 


SUPPLEMENT: EXPERIMENT FIELD DATA 


(Results from Experiment Fields on Soil Types Similar to Those Occurring im 
Douglas County) 


The University of Illinois has conducted altogether about fifty soil experi- 
ment fields in different sections of the state and on various soil types. Altho 
some of these fields have been discontinued, the majority are still in operation. 
It is the present purpose to report the summarized results from certain of these 
fields located on soil types described in the accompanying soil report. 

A few general explanations at this point, which apply to all the fields, will 
relieve the necessity of numerous repetitions in the following pages. 


Size and Arrangement of Fields 


The soil experiment fields vary in size from less than two acres up to forty 
acres or more. They are laid off into series of plots, the plots commonly being 
either one-fifth or one-tenth acre in area. Each series is occupied by one kind 
of crop. Usually there are several series so that a crop rotation ean be carried 
on with each crop represented every year. 


Farming Systems 


On most of the fields the treatment provides for two distinet systems of 
farming, livestock farming and grain farming. 

In the livestock system, stable manure is used to furnish organic matter and 
nitrogen. The amount applied to a plot is based upon the amount that can be 
produced from erops raised on that plot. 

In the grain system no animal manure is used. The organic matter and 
nitrogen are applied in the form of plant manures, including the plant residues 
produced, such as cornstalks, straw from wheat, oats, clover, ete., along with 
leguminous catch crops plowed under. It was the plan in this latter system to 
remove from the land, in the main, only the grain and seed produced, except in 
the case of alfalfa, that crop being harvested for hay the same as in the livestock 
system but certain modifications have been introduced in recent years, as ex- 
plained in the descriptions of the respective fields. 


Crop Rotations 


Crops which are of interest in the respective localities are grown in definite 
rotations. The most common rotation used is wheat, corn, oats, and clover; 
and often these crops are accompanied by alfalfa growing on a fifth series. In 
the grain system a legume catch crop, usually sweet clover, is included, which 
is seeded on the young wheat in the spring and plowed under in the following 
spring in preparation for corn. If the red clover crop fails, soybeans are 
substituted, : 

38 
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Soil Treatment 

The treatment applied to the plots at the beginning was usually standardized 
according to a rather definite system. With advancing experience, however, 
new problems arose calling for new experiments, so that on most of the fields 
plots have been divided and a portion given over to new systems of treatment, 
at the same time maintaining the original system essentially unchanged from 
the beginning. 

Following is a brief explanation of this standard system of treatment. 

Amimal Manures—Animal manures, consisting of excreta from animals, with 
stable litter, are spread upon the respective plots in amounts proportionate to 
previous crop yields, the applications being made in the preparation for corn. 

Plant Manwres.—Crop residues produced on the land, such as stalks, straw, 
and chaff, are returned to the soil, and in addition a green-manure crop of sweet 
clover is seeded in small grains to be plowed under in preparation for corn. (On 
plots where limestone is lacking the sweet clover seldom survives.) This prac- 
tice is designated as the residues system. 
3 Mineral Manures—Limestone has usually been applied at the rate of 4 tons 
an acre as an initial application, and 2 tons an acre every four years thereafter 
until a considerable excess has accumulated in the soil. Rock phosphate has 
been applied at the rate of one ton an acre at the beginning, followed by 
an annual acre-rate of 500 pounds applied once in the rotation until a consid- 
erable excess has accumulated. Potassium has been applied usually in the form 
of 200 pounds of kainit a year. When kainit was not available, owing to con- 
ditions brought on by the World War, potassium carbonate was used. 


Explanation of Symbols Used 


= Untreated land or check plots 

= Manure (animal) 

= Residues (from crops, and includes legumes used as green manure) 

= Limestone 

= Phosphorus, in the form of rock phosphate unless otherwise designated, 
(sP == superphosphate, bP — bone meal, rP — rock phosphate, sIP — slag 
phosphate) 


_K = Potassium (usually in the form of kainit) 


() = Parentheses enclosing figures, signifying tons of hay, as distinguished 
from bushels of seed 


THE ALEDO FIELD 
An experiment field representing the soil type Brown Silt Loam on Clay 
is located in Mercer county just west of Aledo. This field has been in opera- 
tion since 1910. From its physical aspects this field should be well adapted 
to experimental work, the land being unusually uniform in topography and 
in soil profile. 
There are two general systems of plots and they are designated as the 


major and the minor systems. The major system comprizes four series made 


up of 10 plots each, The plots were handled substantially as described 
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for standard treatment until 1918, when it was planned to harvest the first 
crop of red clover on the residues plots for hay and to plow down the second 
crop if no seed were formed. In 1921 the return of the oat straw was dis- 
continued. In 1923 the rotation was changed to one of corn, corn, oats and 


wheat. In this rotation it was planned to seed hubam clover in the oats on 


all plots, for use as hay or for soil improvement, and common sweet clover 
in the wheat on the residues plots for use as a green manure. Since this 
change, no residues except cornstalks and the green manure have been re- 


turned to the residues plots. The limestone applications were temporarily — 


abandoned in 1923 after the different series had received 714% to 9 tons an 
aere and no more will be applied until a need for lime appears. The phos- 
phate applications were evened up to a total of 4 tons an acre in 1924, and no 
more will be applied for some time at least. 

A summary of the results, showing the average annual yields obtained for 
the period beginning when complete soil treatment came into sway is given in 
Table 7. Comparisons in terms of crop increases, intended to indicate the effect 
of the different fertilizing materials applied is shown in the lower section of 
the table. 

In looking over these results, one may observe first the beneficial effect of 
animal manure on all crops but especially on corn. This suggests the advisa- 


TaBLe 7.—ALEDO FIELD: Summary or Crop YIELDS 
Average Annual Crop Yields 1912-1928—Bushels or (tons) per acre 


Stubble Clover 
penal . : Soy. Sweet 
ee Soil treatment applied Wheat | Corn | Oats | Clover bennett wate IE ubane 
14 crops|28 crops|16 crops| 6 crops | 8 crops | 2 crops | 2 crops 
1 ON 255 hota Rees Sta na eee 29.9 56.0 58.6 | (2.21) 160) eee areca 
2 1 Marre te teers Bere CA ck hh ck Ca 3021 69.9 65.7 | (2.74) | CGa) aan ee ee 
3 1 ORR ae pees aman cen cer ce 35.5 73.5 68.5 | (8.12) |MGEGOR eee (1.12) 
MINS WB Bos ke chencuchet tiers meatus ar 37.2 | 74:7 | 69.5 | (8.05) CiGie eee (1.20) 
5 UE SPIES oto er ae en at 31.0 58.0 60.0 }..(2:.00)5| [CG ai aera cree eran 
Gye Rick a6 ts) ieneuiae setae sear 31.8 || 64/5 | 61.5.) C191)" IGSGS ym ee re ee 
vf Ea as ee ee Ree 34.2 (ANSE 66:8 | (1.79) 1 Ge88)\r Gare a ni 252) 
Shy MUSH By ene Ma sec oko ce HAS 37.9 | 74.1 | 68.3 | (2.08) | (2.03) | (1.66) | ( .80) 
Of RIED Ke heya erence iar 37.8 | 75.4 | 70.7 | (A273) sir Q ROS eG) anaes) 
10 Ove crns hilary Seierste herd ere 30.2 56.3 58.8 | (2.38) | GeG2yei eae: Acer 
Crop Increases 
Mover ONSeet oon ae 6.2} 138.9 eal (.53) (03) siege piel bs. 1c ae 
RO VOTH Ey orem a aetna ie .8 6.5 1.5. |—(O9)ils KOS) rere eceeae 
MULT Ov era Vienne re 4. 3.6 2.8 (.38) |= 03)il erences (1.12) 
Gover Ria pee atien 2.4 Tho? 5.8 j— G12) (23) Goa) (52) 
MUG P rovers illiieern tee eee Wa’. i 1.0 |=(.07) |. GOD aa ( .08) 
RG RZovers hy linen ter SE 2.4 1.5 (.29) | (215) 1 CRROoNe) (S23) 
RLPR over EPs... o., — .1| 1.3 | 2.4 ||—(.35)) Geen Cae 


‘Soybeans all evaluated as hay, altho some plots were harvested as seed. 
*Two crops hubam on Plots 3 and 4 but only 1 crop on 7, 8, and 9. 
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bility of carefully conserving and regularly applying all stable manure. Resi- 
dues alone have been beneficial for the second year corn but have shown little 
effect on the other crops of the rotation. 

Where limestone has been applied, there is usually some increase in aver- 
age yields, sufficient, at least, to cover the cost of the limestone. 

The addition of rock phosphate to the treatment has had very little effect 
in the manure system. Somewhat more favorable are the results in the residues 
system, but under present market conditions, the cost of rock phosphate ap- 
plied in the manner of these experiments exceeds the value of the crop increase. 
However, the economic story has not all been told, for the application of lime 
and phosphate has been discontinued in order to observe the residual effects. 
The results of the next few years, therefore, will be awaited with great interest. 

For the effect of potassium treatment Plots 8 and 9 should be compared. 
No significant response appears from this treatment so far as these common 
field crops show. 


Special Phosphate Experiments 


The so-called minor system of plots on the Aledo field is given over to a 
comparison of the effectiveness of different carriers of phosphorus. 

In this experiment each series contains four plots. Plot 1 receives residues 
treatment only; Plot 2 receives residues and phosphorus in one of the forms 
under test; Plot 3 receives residues, limestone, and phosphorus; and Plot 4 is 
similar to Plot 3 with phosphorus omitted. On one series steamed bone meal is 
used as the carrier of phosphorus and is applied at the rate of 200 pounds 
per acre per year. On another series superphosphate is applied at the yearly 
rate of 33314 pounds per acre. On a third series rock phosphate serves as 
the source of phosphorus and is applied at the rate of 66624 pounds per acre 
per year. On the last series basic slag phosphate is applied at the rate of 
250 pounds per acre per year. ’ 

The yields for all crops harvested on these plots are recorded in Table 8. 
Table 9, which is derived from Table 8, shows the value of the increase in crop 
yield presumed to have resulted from applying the various forms of phosphatic 
fertilizers for the 13 crops harvested since the beginning of the applications up 
to 1928. In computing these comparisons, each phosphate plot is compared 
with its neighboring non-phosphate plot. Aside from the soybeans, the figures 
show without exception more or less crop increase on the phosphorus plots, 
no matter what the form of carrier employed. 

The difficulty in arriving at a general conclusion regarding the comparative 
economy in the use of these different phosphorus materials is obvious, for all 
depends upon their relative cost, which fluctuates from time to time. Further- 
more, the prices received from farm produce likewise fluctuate; and to com- 
plicate matters still further, these fluctuations do not necessarily run parallel 
with those of the fertilizer cost. However, one may compute for himself the 
relative economy of producing these crop increases by applying any set of 
prices for crops and fertilizers which appear to be most applicable according 
to prevailing market conditions. For the purpose of furnishing an illustration 


49 Som Rerort No. 43: SupPLEMENT 


TasLe 8.—ALEDO FIELD: PuospHate ExPERIMENT 
Annual Crop Yields—Bushels or (tons) per acre 


Plot Soil 1916! | 19171 | 1918! | 1919 | 1920 | 1921 | 1922 | 1923 | 1924 | 1925 | 1926 | 1927 | 1928 
No. |treatment| Corn | Oats | Soy- |Wheat|} Corn | Oats |Clover| Corn | Corn | Oats |Wheat} Corn | Corn 
applied beans hay 
501 Bice ie 53.4 | 85.5 | 18.9 | 32.4 | 72.8 | 48.9 | (2.88)| 83.5 | 58.2 | 63.9 | 44.0 | 33.9 | 69.8 
502 RbP....| 61.7 | 91.7 | 19.0 | 34.7 | 86.4 | 61.9 | (3.25)| 82.7 | 66.0 | 75.0 | 59.2 | 63.2 | 71.7 
503 RLbP...} 61.5 | 90.6 | 23.2 | 35.6. | 87.3 | 53.3 | (3.48)| 82.5 | 66.8 | 78.4 62,08i a .s | ano 
504 Rinses 55.1 | 80.5 | 22.6 | 32.9 | 77.7 | 47.7 | (2.61)| 88.2 | 60.3 | 64.5 | 44.6 | 58.5 | 72.0 
601 Ravens 55.2 | 84.7] 19.5 |-33.0 | 71.2 | 53.6 |'(8.17)|| 84.7 | S72S eseaetedammaae al ales 
602 RsP....| 57.8 | 87.7 | 18.7 | 38.3 | 87.1 | 60.9 | (8.23)| 82.5 | 65.9 | 76.1 (6OU6h) 54.8 | 73.2 
603 RLsP...| 64.7 | 83.4 | 23.1 | 38.2 | 88.1 | 52.3 | (3.53)| 77.6 | 64.7 | 7a.) G4.4067.0 | 7479 
604 RL.....| 51.9 | 81.7 | 24.6 | 32.8 | 84.9 | 50.2 | (3.06)| 84.1 | SILO") GaeiewazA sino. 85 | 744 
701 Reisierans 54.8 | 83.1 | 20.8 | 34.2 | 75.6 | 52.8 | (3.41)] 82.8 | 61.2 | 66.6 | 44.8 | 39.9 | 72.3 
702 RrP....| 58.8 | 83.3 | 23.3 | 36.7 | 80.4 | 63.0 | (8.60)| 87.8 | 69.3 | 70.3 | 59.2 | 61.8 | 74.3 
703 RirP....| 57.2 | 81.2 | 28.1 | 36.7 | 80.2 | 53.3 | (3.82)| 86.6) | 70.8.) 67-Saormommors: |i vGuD 
704 RL.....| 52.1 | 81.7 | 26.9 | 34.1 | 82.0 | 48.9 | (83.15)| 84.6 | 62.5 | 66:3 | 48.851 163.0 | 7456 
801 R......| 57.6 | 73.8 | 18.0 | 38.7 | 68.1 | 54.8 | (2.62)| 74.3 | S828) )4o0n eto eaeao ee) Gone 
802 RslP....| 56.4 | 87.8 | 20.6 | 38.1 | 81.0 | 66.2 | (3.66)| 80.0 | 69.1 | 66.3 | 60.2 | 60.7 | 69.3 
803 RLslP. .| 53.3 | 78.9 | 23.7 | 38.4 | 83.6 | 57.0 | (3.63)| 82.0 | 70.2 | 66.7 | 66.0 | 73.1 | 71.0 
804 Rls cx te 51.8 | 77.5 | 21.8 | 33.3 | 70.4 | 59.8 | (2.99)| 82.6 | 59.9 | 5359) )/48,9)51N60.4 | 7hat 


1No residues. 


of such a computation, the December 1 market quotations for the years in 
which the respective crops were actually produced have been applied to the 
results of these Aledo plots. The value of soybeans is arbitrarily set at $1.50 a 
bushel. For the cost of fertilizer materials the prices of phosphates are esti- 
mated as follows: bone meal, $40 a ton; superphosphate, $24; rock phosphate, 
$12; and slag phosphate, $20 a ton. 

Reckoned on the basis of the above prices, it appears from the last column 
of Table 9 that slag phosphate has produced the most profitable returns of the 
four phosphorus carriers in the test, bringing an average profit of $4.89 an 
acre yearly where appled without lLmestone and $3.57 where applied with lime- 
stone. Bone meal has given an average profit of $2.45 applied without lime- 
stone and $1.92 applied with limestone. Superphosphate has returned $1.54 
used without limestone and $1.21 used with limestone. Rock phosphate has 
produced a profit of $1.22 an acre a year when applied without limestone and 
a loss of 55 cents when used with limestone. 

In considering these results, it may be pointed out that the quantities of 
phosphatic materials employed in these experiments are, with the possible excep- 
tion of the slag phosphate, greater than ordinarily would be used, or need to 
be used, in good farm practice. Moreover, no consideration is given in these 
comparisons to the relative phosphorus reserves which should have accumulated 
in the soil. Finally, it should be emphasized that the order of these values 
might be easily shifted by relatively small change in commodity prices. 

Limestone at the rate of 4 tons an acre was applied to Plots 3 and 4 in 
1912 when the land was still under alfalfa, and another dressing was added 
in 1917 after the present experiments were under way. The results from the 
limestone treatment are shown in Table 10. 


ne 
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TABLE 9.—ALEDO FIELD: PuospHatrt ExprrIMEents 


Value of Crop Increases Produced by the Various Forms of Phosphate, 


Computed from Yields in Table 8 


Comparison of 
treatments 


Bone meal, residues, over resi- 


Bone meal, residues, lime, 
over residues, lime........ 


Superphosphate, residues, 
Over PESIAUION'. 5; ictiia: stereiesa e's 
Superphosphate, residues, 


lime, over residues, lime... 


Rock phosphate, residues, 
OUET TORTOUES 5 sclelelereleles sins 


Rock phosphate, residues, 
lime, over residues, lime... 


Slag phosphate, residues, 
ODE TOBIAUCS), c:e oie eo:0 e100 0 s 
Slag phosphate, residues, 


lime, over residues, lime... 


Wheat 


2 crops 


23 


32. 


20 


16. 


07 


26. 


80 


32.43 


Corn 


6 crops 


$44.04 


27.01 


32.12 


25,33 


34,51 


17.15 


32.46 


24.59 


Oats 


3 crops 


$11.67 


11.31 


6.62 


19.86 


11.07 


Clover 


1 crop 


$ 4.63 


10.88 


75 


5.88 


13.00 


8.00 


43 
Soy- Total | Cost of | Profit 

beans | increase} phos- from Profit 
phate per acre 

1 crop | 13 crops | 13 years | 13 crops peryear 
$ .15 $83.83 | $52.00 | $31.83 $2.45 
.90 77.00 52.00 | 25.00 1.92 
—1.20 72.05 52.00 20.05 1.54 
—2.25 67.77 52.00 15.77 1.21 
3.75 67.83 52.00 15.83 1.22 
1.80 44.89 52.00 |— 7.11 |— .55 
3.90 96.02 32.50 63.52 4.89 
2.85 78.94 32.50 | 46.44 3.57 


At the prices for produce and limestone assumed in these computations, a 
profit of $1.69 an acre a year for limestone applied without phosphate of any 
kind is found. Where limestone was applied with bone meal, the limestone 


Taste 10.—ALEDO FIELD: PuospHatE EXPERIMENTS 
Value of Crop Increases Produced by Limestone, Computed From Yields in Table 8 


Comparison of 


treatments 
Limestone, residues, over 
TOBIGUES aces aevatenc ovalehais 
Limestone, residues, bone 


meal, over residues, bone 


Limestone, residues, super- 
phosphate, over residues, 
superphosphate .......... 

Limestone, residues, rock 
phosphate, over residues, 
rock phosphate........... 


Limestone, residues, slag 
phosphate, over residues, 


slag phosphate........... : 


Wheat 


Corn 


Oats 


Total 
increase 


13 crops 


Cost of 
lime- 
stone! 

13 years 


Chea 


11.35 


11.93 


5.00 


11.26 


=3. 76 


— 4.58 


—5.04 


—1.81 


Clover Soy- 
beans 
1 crop 1 crop 
$—.84 | $7.01 
2.88 6.30 
3.75 6.60 
2.75 7.20 
— .38 4.65 


22.08 


22.02 


7.84 


21.44 


9.18 


9.18 


Profit 
from 


13 crops 


$21.98 


12.90 


— 1.34 


12.26 


Profit 
per acre 
per year 


$1.69 


-99 


-99 


-94 


10 wing to the fact that the first application of limestone on these plots was made for alfalfa four years before 
the present experiments were started, the total expense of $12 an acre for limestone is prorated, leaving a charge 
of $9.18 for the 13 crops involved in the present experiments. 
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profit was 99 cents an acre a year, and with superphosphate it was likewise” 


a 


99 cents an acre. Used with rock phosphate, the crop increases were so small — 


that there was a loss of 10 cents an acre a year. Applied with slag phosphate, 
the returns show a profit of 94 cents an acre a year. 

It appears, therefore, that by distributing the cost of the limestone over 
the years since its first application, this material has returned a moderate profit 
except where used with rock phosphate. 


It should be observed that the Aledo field represents one of those border- 


line cases, so to speak, in which the upper soil is nearly neutral or only slightly 
acid and the lime requirement, therefore, is not very marked. As time goes 
on, however, and cropping continues, a greater need for lime will probably 
develop. By discontinuing liming on these plots the annual cost of the lime- 


stone already applied is automatically reduced, so that net returns which hith- ~ 


erto have perhaps represented an actual loss may sooner or later result in a 
positive profit. 


THE MORROW PLOTS 


As representing the soil type Brown Silt Loam, the field experiments on the 
Morrow Plots, which have been continued for more than half a century, will be of 
special interest. 

The Morrow Plots are Iceated on the campus of the University of Illinois. 
This series now consists of three plots divided into halves, and the halves are sub- 
divided into quarters. On one plot, corn is grown continuously; on the second, 
corn and oats are grown in rotation; and on the third, corn, oats, and clover are 
rotated. The north half of each plot has had no fertilizing material applied from 
the beginning of the experiments, while the south half has been treated since 
1904. Besides farm manure, phosphorus has been applied in two different forms: 
rock phosphate to the southwest quarter at the rate of 600 pounds, and steamed 
bone meal to the southeast quarter at the rate of 200 pounds per acre per year 
up to 1919, when the rock phosphate was increased sufficiently to bring up the 
total amount applied to four times the quantity of bone meal applied. In 1925 
the phosphates were evened up to a total of 3,300 pounds of bone meal and 
13,200 pounds of rock phosphate and their application discontinued. In 1904 
ground limestone was applied at the rate of 1,700 pounds per acre to the south 
half of each plot, and in 1918 a further application was made at the rate of 5 
tons per acre. From, 1903 until 1920, leeumes were seeded in the corn on the 
south half of each plot. Legumes, chiefly red clover until 1918 and sweet clover 
since that time, have been seeded in the oats on the south half of Plot 4. 

Summarizing the data from these Morrow plots into two periods, with the 
second period beginning in 1904, when the treatment began on the half-plots, 
some interesting comparisons may be made. In the first place we find in the un- 
treated, continuous corn plot a marked decrease in the second period in the 
average yield of corn, amounting to one-third of the crop. In the two-year rota- 
tion there is a decrease in both corn and oat production. The averages for the 
three-year system on the untreated land show a slight increase in corn yield, a 
small decrease in oats, and a considerable reduction in clover. 
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Taste 11—URBANA FIELD, MORROW PLOTS: Generat Summary 
Average Annual Yields—Bushels or (tons) per acre 


Soil Corn Two-year rotation Three-Year Rotation 

Years treatment every 
applied year Corn Oats Corn Oats Clover! 
16 crops 9 crops 6 crops 4 crops 4 crops 4 crops 

1888 

to 1903 | None...... 39.7 41.0 44.0 48.0 47.6 (2.08) 
25 crops 12 crops 13 crops 9 crops 8 crops 8 crops 
1904 None®..) 5s... 25.0 35.1 34.0 49.3 45.1 (1.49) 
to) 1928) MIEPs... .. 40.2 60.6 59.2 67.2 62.7 (2.83) 


‘Including all legume crops evaluated as clover hay. 


Crop rotation has noticeably improved the yields over continuous corn 
growing. The three-year rotation has been more effective than the two-year 
rotation in maintaining yields over the entire period. The two-year rotation, 
however, has been gaining on the three-year rotation in recent years probably 
because of the influence of sweet clover. 


Fig. 8.—CorN ON THE MoRROW PLOTS IN THE THREE-YEAR ROTATION 


Both of these plots are under a good crop rotation of corn, oats, and 
clover. No soil treatment is applied to the plot at the left, while that at 
the right receives manure, limestone, and phosphate. The one is yielding 
at the rate of 50 bushels an acre, the other at 67 bushels. 


The increase brought about by soil treatment stands out in all cases, show- 
ing the possibility net only of restoring but also of greatly improving the pro- 
ductive power of this land that has been so abused by continuous cropping with- 
out fertilization. 

Thruout the season the crops growing on the treated soil are usually at a 
more advanced stage of development than those growing on the untreated soil. 
In corn this shows up at husking time in drier, sounder ears than those found 
on the untreated land. 

An important principle of soil management is demonstrated in these ex- 
periments; namely, that the best results are not obtained thru crop rotation 
alone nor thru soil fertilization alone, but it is the combination of these two prae- 
tices that brings out the highest possibilities for production. 

The practices in rotation and soil treatment which have been the most effec- 
tive in increasing the crop-producing capacity of the soil have also been the most 
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profitable financially. These better practices not only have increased the yields 
but they have made possible a greater economy in production, an important 
factor in increasing farm profits. 

For further information concerning these long-time soil experiments, the — 
reader is referred to Bulletin 300, ‘‘Lessons from the Morrow Plots,’’ where 
these investigations are described and discussed in detail. 


THE KEWANEE FIELD 
The Kewanee experiment field, representing the soil type Brown Silt Loam, 
is located in Henry county about midway between Kewanee and Galva. This 
field has been in operation since 1915. It includes 20 acres of the dark-colored 


loessial soil characteristic of the region. Altho the main soil type represented is — 


Brown Silt Loam, a detailed examination reveals the presence of a second type 
occupying the basin of the draw which traverses the field in a winding direction. 
This minor type is-classified as Black Clay Loam On Drab Clay. The topography 
of the land is rather rolling and it has a tendency to wash at certain spots. The 
field is laid out in two systems of plots designated as the Major and the Minor 
series. 


The Major Series 


A rotation system of wheat, corn, oats, and clover has been practiced on the 
Major series, the crops being managed mainly as described on page 38. Since 
1921 the clover on the residues plots has been harvested for hay instead of seed 
and the oat straw has not been returned to the land. Since 1922 the periodic 
application of limestone has been suspended after the different series had re- 
ceived an average total of 634 tons to the acre, and no more is to be applied until 
it is needed again. The practice of returning the wheat straw has been discon- 
tinued since 1922, and since 1925 only one crop of clover hay on the residues plots 
has been removed, the second erop being plowed down as green manure. The 
phosphate applications were suspended in 1927 after evening up all phosphate 
plots to a total of 4 tons per acre. 

Table 12 gives a summary of the results showing the average annual yields 
for the different kinds of crops, including the years since the complete soil treat- — 
ments have been in effect. 

In looking over these results one may observe first the effect of animal 
manure, which has given profitable increases in all the crops. Residues alone 
show no significant effect. 

Limestone in addition to manure has resulted in a small improvement, prob- 
ably sufficient to cover the cost. It has been somewhat more effective in the 
grain system than in the livestock system. 

Phosphorus, as usual, shows up in these averages to best advantage on the 
wheat crop in the residues system. Where used with manure and limestone, 
little effect was produced except on the wheat; but where used with residues 
and limestone, fair increases were produced in all crops, sufficient to return a 
financial profit under present market conditions. A study of the detailed data 
reveals a fact of interest in this connection which these averages do not bring out, | 
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TaBLE 12.—KEWANEE FIELD: Summary or Crop YIELDS 
Average Annual Yields 1917-1928—Bushels or (tons) per acre 


Serial Wheat Corn Oats Clover! 
plot Soil treatment applied 
No. 10 crops 12 crops 12 crops 11 crops 
1 Dela oo olttk. Geta ee Soe 29.0 54.6 59.0 (1.64) 
2 ER A owe at 9 Ee 32.4 66.0 71.0 (2.23) 
3 TOU Be 5. oloce Oa See 35.2 70.6 (O.2 (2.30) 
4 iO ec hood See 40.0 72.1 72.4 (2.48) 
5 DAA? eo. 266 aaa er 30.3 56.1 60.6 (1.56) 
6 EP MEERA ts SA clos 5-6 ce Gp es 31.6 58.2 59.6 (1.46) 
7 LTP MEE ) ccc ctalicyols's. 0 ays sueie 34.2 66.5 63.3 (1.71) 
8 (UE, 05 20 On OO CCI ee 39.8 70.9 69.0 (1.89) 
9 TEU Soy eae OO 40.6 74.4 70.6 (1.97) 
10 Oe is oO a oe 28.1 50.3 56.4 (1.29) 


Crop Increases 


VINA TUNE Vee). pyo,, «fo; o-ove-avers 3.4 11.4 12.0 ( .59) 
Jt ronail? OL. 6S A iets iad — 1.0 —( .10) 
MOOV 2.8 4.6 Qe (0%) 
TRUM OG) ak 2.6 8.3 3.7 ( .25) 
IVUPFRROM ED NEL. gg. 6 ois oe eo ele 4.8 aby sta) —- .8 (18) 
RAE Ooo 108 Da 5.6 4.4 Ong ( .18) 
IRM GIES Chota ¢ 134) oe 8 3.5 1.6 ( .08) 


Including some seed evaluated as hay. 


and that is that the phosphate exerted very little influence during the earlier 


years of the experiments. Within the past seven or eight years, however, the 
phosphorus treatment has come suddenly into evidence and the trend of its 
effectiveness seems at present to be on the upgrade. 

No significant response appears as the result of potassium fertilization, thus 
indicating the futility of purchasing potassium fertilizer for use in this kind of 
a cropping system on this kind of soil. 


Comparative Phosphate Experiments 

Four short series having only 4 plots each constitute the so-called Minor 
system on the Kewanee field. These plots are now given over to a, comparison 
of the effectiveness of rock phosphate and superphosphate. 

Alfalfa was grown on these plots until 1922. In the beginning, limestone 
was applied to Plots 3 and 4 at the rate of 4 tons an acre. This application was 
repeated in 1919. In 1922 the present experiments with phosphates were begun 
and the same rotation practiced on the larger series described above was estab- 
lished on these series. In this comparison rock phosphate is used on Plots 1 and 
3 at the annual rate of 400 pounds an acre, applied once in the rotation ahead of 
the wheat, but beginning with 1927 rock phosphate will be applied at the same 
time as the superphosphate. Superphosphate is used on Plots 2 and 4 at the 
annual rate of 200 pounds an acre. It is applied twice in the rotation, one-half 
for wheat and one-half for oats. A summary of the annual crop yields and cor- 
responding money values is given in Table 138. 
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TaBLeE 13.—KEWANEE FIELD: PuospHate EXPERIMENT 


Average Annual Crop Yields and Corresponding Money Values 1922-1928 
Bushels or (tons) per acre 


Wheat Corn Oats Legume Value 

Soil treatment applied hay per 

7 crops 7 crops 7 crops 7 crops acre 
Residues, rock phosphate.......... 43.3 74.1 76.5 3.09 $43.89 
Residues, superphosphate.......... 45.1 73.0 78.2 3.02 44.17 
Residues, limestone, rock phosphate. 38.8 73.0 73.5 3.09 42.05 
Residues, limestone, superphosphate. 46.6 75.1 Fife 3.01. 44.83 


In comparing these two forms of phosphate the following set of prices are 
assumed as representing the average market conditions for the past seven years 
(December 1 quotations) : wheat, $1.21 a bushel; corn, 68 cents; oats, 39 cents; 
and hay, $13.90 a ton. For the cost of two phosphorus carriers, an estimate of 
$12 a ton for rock phosphate and $24 a ton for superphosphate may be taken, 
thus making the expense for the two kinds of phosphate equal. ’ 

With, these prices applied to the yields given in Table 13, it is found that 
without limestone there is very little difference in value of crops produced under 
the two forms of phosphate. The 38 cents in favor of the superphosphate is 
searcely significant in view of the experimental errors involved in this sort of 
tests. In the presence of limestone the difference in crop values is $2.78 per acre 
per year in favor of superphosphate. Wheat has been the crop most affected by 
the form of phosphate applied. 

It is to be borne in mind that the order of values can easily be shifted by a 
change in the relative yields of the respective crops or by a change in commodity 
prices. Furthermore no consideration has been given here to any possible differ- 
ence in the residual effects of the two forms of phosphate which might appear 
upon discontinuing the treatments. 


THE BLOOMINGTON FIELD 


The experiments on the Bloomington field are of interest in connection with 
the management of Brown Silt Loam. This field is located in MeLean county, 
northeast of the city of Bloomington. The work was started in 1902. Altho a 
fairly long period of years has been covered in these experiments, the field has 
only a single series of plots, so that only one kind of crop is represented each 
season. The crops employed have been corn, corn, oats, clover, and wheat; and, 
since 1905, they have been grown in the sequence named. 


Commercial nitrogen applied in the form of dried blood was used in the 


early years up to 1905, when crop residues and clover were substituted. For 20 
years all of the phosphorus on this field was applied in the form of steamed 
bone meal at the rate of 200 pounds an acre a year. 

Table 14 presents a summary of the work to 1923 by average annual yields. 
The comparisons in the lower part of the table show the effect of the different 
plant-food materials in the various combinations in which they were applied. 

The value of limestone on this field is difficult to assess on account of the 
erratic results found upon comparing Plots 1 and 2. Here both corn and wheat 
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TaBLeE 14—BLOOMINGTON FIELD: Summary or Crop YIELDS 
Average Annual Yields 1902-1923—Bushels or (tons) per acre 


- Serial Corn Oats Wheat Clover! 
plot Soil treatment applied 
No 10 crops 4 crops 4 crops 8 crops 
1 (Oe eas or oiciie oo aiya eo oye dea a 44.6 40.6 26.5 ( 274) 
2 | Ibi othen ooo anne oo 41.5 44.7 24.1 ( .80) 
By || We ooo neon ea eee AG aD 46.2 27.9 ( .88) 
Ae | TOS on seco ol ke ee eo 55.8 54.3 A5.7 (2.54) 
5 Lee eos ed00 1603 0S 46.2 43.5 25.5 ( .90) 
( TOTRM Se S38 a5 a One ee 60.6 66.0 49.7 (1.19) 
7h || WBS. oo aS eee 48.6 46.8 Die @282) 
oh |) LGAs ooo oo atte 60.9 See 44.5 (2.44) 
| TURIN ok Do See 64.2 63.1 50.4 ( .81) 
WO | J MeN. 5 San See eee 58.8 52.8 49.3 (7283) 
Crop Increases 
For limestone 
L Oyen (Doe 6 on Dee — 3.5 4.1 — 2.4 ( .06) 
TUS oy ENG hiya Loy 2 AG 5.4 10.3 Ta —( .02) 
For residues 
R ONE Li oy Oe ee eee 6.0 15 3.8 ( .08) 
IUletee arehyccre 10}0 Bs aa 4.8 117 4.0 — (1.35) 
JERS OG LDL 2.4 Sek 2.0 —( .08) 
PRIDE RCO RIM oe co.cc cn ee nde ennvse S8 ie) 5.9 — (1.63) 
For phosphorus 
bP OWE? Lb, Sao). ORR EOES a ee 14.3 9.6 21.6 (1.74) 
NID MMOMETMORN Se sk fac ca nea scdaae ees 1SeL 19.8 21.8 Geon) 
TEASIPIES tones LD 14.7 LB sare 19.0 (1.54) 
EPPO ORMIEEUEC fore cc. cee cs va parse oes 15.6 16.3 22.9 —( .01) 
For potassium 
ewer lb). «00g OCR eee 4.7 — 1.2 1.4 ( .10) 
IGRI Chere DLR» ihe nee al A — 44 —( .06) 
IDIOTS) annie WOES | Ae Oa 2.9 — 1.2 —( .10) 
JR Sle ere DIR OES: A ae 3.6 — 2.9 atl ( .:38) 


1Two crops of seed on Plots 3, 6, 7, and 9 evaluated as hay. 


appear to have suffered from the application of limestone, but the difficulty may 
well be attributable to soil variability. Comparing Plots 9 and 10, it would 
appear that in combination with residues, phosphorus, and potassium, the lime- 
stone on the whole was beneficial. 

The residues treatment, supplying organic matter and nitrogen, shows a 
beneficial effect on the grain crops, but not on the clover. 

The prominent feature of the results on the Bloomington field is the effect 
of phosphorus. In all of the grain crops on every plot where bone meal was 
applied, there was a remarkable response to the treatment, as shown by the in- 
creases in yields. This response appears in all the combinations, even with- 
out the presence of residues, altho in combination with either residues or potas- 
sium the effect is accentuated. For example, comparing Plot 3 with Plot 6 
(limestone and residues, with limestone, residues, and phosphorus) we find 
that the phosphorus treatment produced an average annual increase in the 
yield of corn of about 13 bushels an acre, while the yield of oats was increased 
by about 20 bushels, and that of wheat by about 22 bushels. Similar increases, 
tho not so pronounced, appear in comparing Plot 5 with Plot 8, where potassium 
instead of residues was present. 
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Quite different are the results from the use of potassium on this field. The 
potassium was applied mainly in the form of potassium sulfate, but in 1917 
when this material became unavailable thru war conditions, potassium carbonate 
was substituted. There was a moderate increase in the corn yield. where potas- 
sium was used and particularly where residues were absent. Otherwise, the 


. 
’ 
a 


small gains shown on some plots are offset by losses on other plots, but these f 


small differences are probably well within the limits of experimental error. 


Thus it appears that on this field, under this, system of farming, the lack of } 


phosphorus is the outstanding limiting factor in production and the application 


of this element in the form of steamed bone meal is attended by a high finan- — 


cial profit. 


New Phosphate Experiments 
In view of this remarkable response to bone meal on the Bloomington field, 
it was of interest to know how other carriers of phosphorus would behave, and 


accordingly some experiments were planned to investigate this question. For ~ 
this purpose, the plots were divided in 1924 and certain new treatments were © 


applied in order to compare the effects of rock phosphate and of superphosphate 


with bone meal, and at the same time to determine the residual effect of the — 


accumulated phosphorus resulting from the continuous application of the bone 
meal in presumably somewhat excessive amounts. 

The following modifications of the original plots were introduced: 

An extra plot, No. 11, was added to the series and all plots were divided 
into north and south halves. Residues including cornstalks, the second crop 
of red clover, and other leguminous green manure crops are plowed down on 
all plots except Plot 1-S. Different phosphorus carriers are applied at the 


following acre rates per rotation: bone meal, 1000 pounds, to Plots 2-N, 4-N, © 


6-N, 8-N, 9-N, and 10-N; rock phosphate, 2500 pounds, to Plots 3-N, 5-N, 7-N, 
and 11-N; superphosphate, 1000 pounds, to Plots 3-S, 5-S, 7-S, and 11-S. Two- 
fifths of the rotation application of these phosphates are made preceding the 


oats crop, two-fifths ahead of the wheat crop, and one-fifth in preparation for — 


the corn crop. 


Table 15 indicates the arrangement of these modified plots and also gives — 


the results of the five years in which these later experiments have been in 
progress. 

In arriving at the financial results presented in the table, the values of the 
crops are based upon December 1 farm price quotations for the years in which 
the respective crops were produced. In deducting the annual cost for the dif- 
ferent treatments, the total amounts of materials applied during the entire 
period of operation on the field were prorated. The expense for limestone is 
reckoned here at $3 a ton, rock phosphate at $14, superphosphate at $28, bone 
meal at $48, and residues at 75 cents an acre. 

It should be mentioned in considering the results that the soil of these plots 
is rather variable, with little provision for duplication; and also that some of 
the treatments are not now strictly comparable with one another, on account 


.of the previous history of the plots. Nevertheless, making allowances for these 


—— 


J 


J 
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TABLE 15.—BLOOMINGTON FIELD: New Puosrpuate ExPerRIMENTS 
Crop Yields and Values 1924-1928—Bushels or (tons) and dollars per acre 


Bist Soil treatment applied 1924 1925 | 1926 | 1927 | 1928 Average annual acre values 
C) 
Previous Present Cost of 
No, i Oats | Clover |Wheat| Corn | Corn Gross pee Net 
RING | |) Ouiiievee + stansiete EONS eyi-y case 3 60.6 | ( .79)| 29.3 | 49.8 | 49.0 $29.29 $ .75 $28, 54 
1-8 irr ahe' ss sicen Oe: dacss a 58.4 | (2.54)| 19.5 | 41.0 | 33.4 ZS.82) W\ Tavesicts 28.82 
PONT | Ve lineerens's « nateiates RLP (bone) 72,6 | (1.63)| 35.0 | 58.6 | 52.2 36.18 6.55 29.63 
2-8 1B loans capes CaS RUIN eas wieveii sec 53.2 | ( .75)| 18.7 |} 46.0 | 35.2 23.41 1.75 21.66 
aN. Ribera tate trenavs RLP (rock)....} 68.2 | (2.18)] 32.5 | 63.6 | 64.6 39.35 5.25 34.10 
3-S Ribteaschianan RLP (super)...| 71.3 | (1.74)| 41.0 | 67.6 | 59.6 40.18 4,55 35,63 
4-N | LP (bone)....| RLP (bone)!...| 57.6 | (1.81)} 37.3 | 60.0 | 49.6 35.79 6.55 29.24 
4-S LP (bone)....| RLP (bone)?...| 67.2 | (1.89)| 36.7 | 63.6 | 60.0 38.71 5,30 33.41 
DN; |) PAKS Ss. oxerermyels > RLKP (rock). .| 63.2 | (1.66)| 32.5 | 61.4 | 56.2 35.75 7.65 28.08 
DoS HRS. «.oecas » RLKP (super).| 78.4 | (1.59)| 40.7 | 69.4 | 55.6 39.99 6.95 33.04 
6-N | RLP (bone) ..} RLP (bone)!...} 68.8 | (2.18)] 40.5 | 60.8 | 55.8 39.73 6.55 33.18 
6-S RLP (bone) ..| RLP (bone)?...| 71.6 | (2.21)] 40.0 | 64.2 | 60.4 41.09 5.30 35.79 
We) PAKS Gis. carv oe RLKP (rock)..| 71.2 | (2.11)| 35.3 | 66.4 | 58.4 39.62 7.65 31.97 
(es) BOK Nerccarateras RLKP (super) .} 80.9 | (1.66)| 40.7 | 74.8 | 62.8 42.23 6,95 35.28 
8-N | LKP (bone) ..| RLKP (bone)!.| 60.9 | (1.69)} 39.2 | 67.4 | 56.2 38.10 8.95 29.15 
8-S LKP (bone) ..| RLKP (bone)?.| 65.0 | (1.59)| 36.0 | 69.4 | 63.0 38.62 7.70 30.92 
9-N | RLKP (bone) | RLKP (bone)}.| 60.9 | (2.18)} 43.8 | 75.8 | 60.4 42.56 8.95 33.61 
9-S RLKP (bone) | RLKP (bone)?.| 72.2 | (1.65)| 41.5 | 77.8 | 62.6 41.97 7.70 34,27 
-10-N | RKP (bone)..| RKP (bone)! ..| 48.2 | (1.93)| 45.7 | 56.6 | 51.2 37.02 7.95 29.07 
10-S RKP (bone)..| RKP (bone)?..| 51.2 | (1.53)| 43.0 | 60.6 | 58.0 36.89 6.70 29.99 
11-N (8) RP @ock)..... 70.4 | (1.68)| 45.3 | 61.8 | 47.4 38.43 4,25 34.18 
11-S (8) RP (super)....| 60.0 | (1.78)| 44.5 | 63.0 | 57.2 39.11 3.55 35.56 


1Bone meal applications omitted from 1917 to 1924. 2%No bone meal applied since 1917. %New plot added in 1924. 


facts, certain figures in the last column of the table showing the net average 
acre value per year indicate effects worthy of consideration. 

In answering the question as to whether other carriers of phosphorus would 
be as effective as the bone meal in building up this soil, attention is called to 
the results on Plots 2-N, 3-N, and 3-S where bone meal, rock phosphate, and 
superphosphate respectively have been employed in addition to limestone and 
residues. Unfortunately the comparison here is not altogether perfect in that 
the residues treatment on Plot 2-N was not introduced until 1924, whereas the 
other two plots had been under residues in the old system before the present 
experiments were begun and may, therefore, have an advantage in this respect 
over the bone-meal plot. However this may be, the results as they stand at 
present place both rock phosphate and superphosphate ahead of bone meal. 

Between rock phosphate and superphosphate four direct comparisons in 
different combinations with other materials are afforded (Plots 3, 5, 7, and 11.) 
In some years on some plots the results are in favor of superphosphate; in 
other years on the same plots the reverse is true. As the results stand at pres- 
ent, the majority are in favor of superphosphate but their inconsistency makes 
it difficult to come to any final conclusion. It may be noted that in these com- 
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parisons the two materials are not applied in amounts proportionate to equal 


f 


cost as in other cases reported. Here 200 pounds per acre per year of super- — 
phosphate figured at $2.80 are applied against 500 pounds of rock phosphate ; 
valued at $3.50 per acre per year. \ 


For light on the question of residual effect of accumulated phosphorus in 


the soil, attention is called to the results on Plots 4, 6, 8, 9, and 10, where the f 
north half-plots are now regularly receiving bone meal, while the south halves_ 


have received none since 1917. Invariably the net return is higher on the south 
half, thus indicating that the reserve phosphate accumulated in the soil from 
previous applications is still exerting a beneficial effect that is more than ade- 
quate to offset the expense involved in renewed applications. 


By way of, a summary of the main lessons brought out at this time by the 


Bloomington experiments, the following statements may be made. 

The results indicate an outstanding phosphorus hunger. 

This phosphorus need is satisfied by the application of either bone meal, 
rock phosphate, or superphosphate. 

There is a pronounced residual effect from previous excessive applications 
of phosphorus carried in the form of bone meal. 


THE MINONK FIELD 

A University experiment field representing the soil type Black Clay Loam 
On Drab Clay is located in Woodford county near Minonk. This field was 
established in 1910. It comprizes 15 acres of dark-colored prairie soil of loessial 
and drift origin. The experiment plots lie mainly on Black Clay Loam On 
Drab Clay, altho a detailed examination reveals the presence of three other 
soil types distinguishable on account of certain profile characteristics. These 
are Brown Silt Loam, Brown Silt Loam On Caleareous Drift, and Brown Silt 
Loam On Caleareous Clay. 

The field is laid out into four series of 10 plots each. The plots are one- 
fifth acre in size except in Series 100, where they are one-tenth acre. A crop 
rotation of corn, oats, clover, and wheat was practiced until 1923, when it was 
changed to corn, corn, oats, and wheat, with a seeding of hubam clover in the 
oats on all plots and biennial sweet clover in the wheat on the residues plots. 
In 1921 the practice of returning the oat straw on the residues plots was dis- 


+ 
: 


continued, and in 1922 the return of the wheat straw was likewise discontinued. © 
Up to that time limestone, varying in total quantity from 71% to 9 tons an acre | 
on the different series, had been applied. These applications were then sus- — 


pended until such time as the need for more lime becomes apparent. The appli- 
cations of rock phosphate were likewise indefinitely suspended in 1923 after 
evening up the total applications to 4 tons an acre on all the phosphate plots. 

The average annual yields of all crops produced since the complete soil 
treatments have been in effect are given in Table 16. 

In looking over these results, one observes from the good yields on the 
untreated plots the naturally high productiveness of this land. There is more 
or less response to farm manure; in the corn the yield is markedly increased 
by its use. Residues alone have likewise increased the yields of the grain crops. 
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Tasie 16.—MINONK FIELD: Summary or Crop Y1eups 
Average Annual Yields 1912-1928—Bushels or (tons) per acre 


Wheat | Corn Oats Clover! | Soybeans Stubble clover 

Serial ’ 
plot Soil treatment aeeet 
No. applied Hubam clover 
14 crops | 23 crops | 16 crops 5 crops 4 crops 2 crops 2 crops 
i Ourtaierst =) remettersyaatireecrs cs. s-s 30.1 50.2 58.8 (2.58) 19.3 Giet2)h peter 
2 Vi feetetss cvaiierere ie nets oat <inia< a+ < 33.8 60.6 61.3 (2.81) 20.5 Ce OS) I Sects 
3 MUS tate 5, =. cteletatets Preis lalee(sie card sues 32.4 61.0 60.3 (2.74) 21.7 CORSS) 9 PRestexcictete 
4 VRENE essere tateratcistcler es oct yad a: 34.4 61.0 59.2 (2.93) 21.0 (a YO heed | eanianac 
5 Cio oo Sipe 0 ety ino oe Se 31.4 48.6 55.5 (1.36) 20.7 G86) er eae. 
6 Ds Ogi Ano Hi Ot eae 33.8 59.3 61.7 (1.50) 20.6 C23 (1.19) 
7 Rib ecikidvemteie tec is os 35 30.8 (ap ES | 61.6 (1.51) 19.3 ( .90) (1.16) 
8 1S RE nie Ctl cse Se ee 32.7 62.3 63.0 (1.47) 19.7 (1.06) (1.33) 
9 10 ee pe 32.0 59.9 63.2 (1.49) 17.2 (1.20) (1. 50) 
10 CSP initae 8 WSs Acne. aoe ee 26.1 44.0 55.2 (2.30) 15.3 Giese) sree. 

Crop Increases 

BVIEOVOT Ouse ns fscia ais tisieisis) 485.8 3.7 10.4 2.5 ( .28) 1.2 C2 OV Ne fre arerere 
WNOMOR Otte a as csiece a cs os 2.4 10.7 6.2 ( .14) = | ( .05) (1.19) 
MATROVER Metisse scr fm 1.2 -4 |— 1.0 |—( .07) 1B} Ea Geet al Haro 
FUDTOVer Memmi clea’ cat's 3 — 3.0 1 PE Saal (ae mee ( .01) — 1.3 —( .01) —( .03) 
IVINRE Ome islets scicte as es > 2.0 0.0 |— 1.1 ( .19) - a7/ (are Seely totnccre 
RPLOver turtles. --:>| 1.9 te 1.4 |—( .04) 4 ( .16) ee ie) 
RUPKioverRLP....0.-.5.5:.)— ~«% |— 2.4 2 ( .02) — 2.5 ( .14) (agnlep) 


1Including some seed evaluated as hay. 


Limestone seems to have had no material effect on crop yields. Evidently this 
soil does not need lime. The use of rock phosphate has not been profitable 
either in the manure or the residues system. Potassium, as used in these experi- 
ments, has likewise been ineffective. 

These results therefore indicate the advisability of furnishing plenty of 
organic matter, either thru stable manure or thru crop residues, including 
leguminous green manure, as the best practical means, for the present, of im- 
proving the productiveness of this naturally fertile soil. As time goes on, 
with changing soil conditions and shifting market values, the situation may 
develop under which a different recommendation will be warranted. 


THE HARTSBURG FIELD 

Black Clay Loam as noted on page 6, occupies nearly 70 square miles in 
Douglas county. The results of the Hartsburg field, situated in Logan county 
just east of the town of Hartsburg, are suggestive of the treatments that are 
effective on this type of soil. 

The Hartsburg field was started in 1911. It is laid off in five series of 10 
plots each. The crop rotation up to 1923 was wheat, corn, oats, and clover, with 
alfalfa growing on a fifth series. 

The crops were handled mainly as described on page 38 until 1918 when it 
was planned to remove one hay crop and one seed crop of clover from the residues 
plots. In 1921 it was decided to harvest all the clover as hay. At that time the 


54 Som Report No. 43: SUPPLEMENT 


TaBLE 17.—HARTSBURG FIELD: Summary or Crop YIELDS 
Average Annual Yields 1913-1928 —Bushels or (tons) per acre 


z : Wheat | Barley Corn Oats Clover |Soybeans | Alfalfa Stubble clover 
Serial Soil a 
plot treatment | eiham sayin 

: clover 
ia eppiied 13 crops| 1 crop 24 crops | 17 crops | 7 crops 2 crops | 8 crops| 1 crop 1 crop 
TWetlOS cenuiceac 24.9 35.4 48.1 48.1 (1.84) | (.29)0| oraz Sa) ae 
DRA se eibad. cs pee. 29.2 44.2 58.8 52.9 (2.16) (1.64) | (3.67) te tby I pews ae 
SN i 6 See eee 34.0 50.0 64.5 58.3 (2.32) || (1. 82)" Gao pyalemee Oh) eh ye ee.t 
4 |MLP. 36.2 50.0 63.8 57.8 (2.89) | (1.92) | GSC GTM) ore 
MNO DS farce seer 29.7 42.7 53.3 47.0 (1.28) | 25.8 (3.33) ee. TL) y |) fae 
6 {R.. OM | 47.5 63.7 53.3 (1.67) |, 2608 (3 78)a| 26. 75) ( .85) 
rho Mich Ope 30.1 53.3 66.9 51.3 (1.64) | 28.4 (3645) | 01e@. 68) 4) °C B75) 
Se RLP. . 34.3 46.9 67.3 55.4 (1.79) | 26.1 504)8) Gs, 72): || (380), 
9 |RLPK 33.4 55.6 65.4 54.5 (1.70) 26.4 (4.16) ( .80) (1.00) 
10 0 30.5 45.8 52.8 48.0 (2.02) (1.69) | (3.20) KaeTD) AC aot 
Crop Increases 

M over 0...... 4.3 8.8 10.7 4.8 ( .32) | (235) | GeO eS 2) alerts y 
By. over (Oe. ee ak 3.0 4.8 10.4 6.3 ( .39) 1.0 ( .45)} ( .04) ( .85) 
ML over M...... 4.8 5.8 5.7 5.4 ( .16) | 4 .18) (2a ea 24): Wis ee 
RL over R.......]— 2.6 5.8 3.2 |— 2.0 —( .03) 1.6 |—( .33)}—( .07) |—( .10) 
MLP over ML.. 2.2 0.0 |— .7 |— .5 ( .07).| (210) > SCe 28) eter een et ees 
RLP over RL... 4.2 |— 6.4 4 4.1 ( .15) |— 2.3 ( .59)| ( .04) ( .15) 
RLPK over RLP!— .9 8.7 |—1.9 |I— .9 I—( .09) 8 C $12) Gees) ( .10) 
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return of the oat straw to the land was discontinued. In 1922 the return of the © 


wheat straw was likewise discontinued. The application of limestone was discon- 
tinued in 1922 after amounts ranging from 71% to 10 tons an acre on the differ- 
ent series had been applied, and no more will be added until further need for it 
becomes apparent. In 1923 the phosphate applications were evened up to a total 


of 4 tons an acre on all phosphate plots, and no more will be applied for an indefi- ~ 


ee 


nite period. At that time the rotation on the first four series was changed to , 


corn, corn, oats, and wheat with a seeding of hubam clover in the oats on all plots, 
and a seeding of biennial sweet clover in the wheat on. the residues plots. The 
rotation was changed also on the fifth series to corn, oats, wheat, and a mixture 


of alfalfa with red clover. The soil treatments are as indicated in Table 17, 


which summarizes by crops the yields for the period during which the plots 
have been under full treatment. 


The outstanding feature of the results on the Hartsburg field is the large | 


increases produced by organic manure whether in the form of crop residues or 
stable manure. The behavior of limestone is rather peculiar in that it has been 
more beneficial where applied with manure than where used with residues. 
Used with manure it shows some increase in practically all crops, while with resi- 
dues its effect on several of the crops appears negative. 

Altho rock phosphate has given some increases in wheat yield in both 


the manure and the residues systems, the results with other crops have been such ~ 


as to render the use of this material unprofitable on this field. The addition of 


potassium appears to have produced no significant effect except on the one 
barley crop. 


, 


}. DeTURK, F. 0, BAUER, 


y 1 4 ies ae . 
The Soil Survey of Illinois was organized under the general supervision 


of Professor Cyril G. Hopkins, with Professor Jeremiah G. Mosier directly 
in charge of soil classification and mapping. After working in association’ 
on this undertaking for eighteen years, Professor Hopkins died and Profes- 
sor Mosier followed two years later. The work of these two men enters sO 
intimately into the whole project of the Illinois Soil Survey that it is im- 


possible to disassociate their names from the individual county reports. 
Therefore recognition is hereby accorded Professors Hopkins and Mosier for 


their contribution to the work resulting in this publication, © 
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INTRODUCTORY NOTE 


It is a matter of common observation that soils vary tremendously in their 
productive power, depending upon their physical condition, their chemical com- 
position, and their biological activities. For any comprehensive plan of soil 
improvement looking toward the permanent maintenance of our agricultural 
lands, a definite knowledge of the various existing kinds or types of soil is a 
first essential. It is the purpose of a soil survey to classify the various kinds of 
soil of a given area in such a manner as to permit definite characterization for 
description and for mapping. With the information that such a survey affords, 
every farmer or landowner of the surveyed area has at hand the basis for a 
rational system of improvement of his land. At the same time the Experiment 
Station is furnished an inventory of the soils of the state, upon which intelli- 
gently to base plans for those fundamental investigations so necessary for solving 
the problems of practical soil improvement. 

This county soil report is one of a series reporting the results of the soil 
survey which, when completed, will cover the state of Illinois. Each county 
report is intended to be as nearly complete in itself as it is practicable to make 
it, even at the expense of some repetition. There is presented in the form of an 
Appendix a general discussion of the important principles of soil fertility, in 
order to help the farmer and landowner to understand the significance of the 
data furnished by the soil survey and to make intelligent application of the same 
in the maintenance and improvement of the land. In many eases it will be of 
advantage to study the Appendix in advance of the soil report proper. 

Data from experiment fields representing the more extensive types of soil, 
and furnishing valuable information regarding effective practices in soil man- 
agement, are embodied in the form of a Supplement. This Supplement should 
be referred to in connection with the descriptions of the respective soil types 
found in the body of the report. 

While the authors must assume the responsibility for the presentation of 
this report, it should be understood that the material for the report represents 
the contribution of a considerable number of the present and former members 
of the Agronomy Department working in their respective lines of soil mapping, 
soil analysis, and experiment field investigation. In this connection special 
recognition is due the late Professor J. G. Mosier, under whose direction the soil 
survey of Coles county was conducted, and Mr. W. P. Hiltabrand, who as leader 
of the field party, was in direct charge of the mapping. 
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COLES COUNTY SOILS 


By R. 8S. SMITH, E. E. DETURK, F. C. BAUER anp L. H. SMITH* 


LOCATION AND CLIMATE OF COLES COUNTY 


Coles county is located in the east-central part of Illinois. It is a medium- 
sized county, covering 508.84 square miles, over half of which is dark-colored 
upland soil. 

The climate of Coles county is typical of central Illinois. The rainfall is 
abundant and usually well distributed and, while there is a wide range between 
the extremes of summer and winter temperature, there are but a few days during 
the winter when subzero weather prevails. Summer temperatures are, as a rule, 
not oppressive. The following weather data is taken from the records of the 
Cooperative Weather Bureau Station at Charleston for the thirteen-year period 
1914 to 1927, inclusive. 

The greatest range in temperature for any one year during this period was 
128 degrees in 1918. The highest temperature recorded was 107°; the lowest, 
24° below zero. The average date of the last killing frost in the spring is 
April 26; the first in the fall, October 16. The average length of the growing 
season is 173 days. 

The average annual rainfall during this thirteen-year period was 38.9 inches, 
distributed as follows: January, 2.33 inches; February, 1.76; March 3.63; 
April, 3.53; May, 4.11; June, 3.83; July, 3.21; August, 4.35; September, 4.24; 
October, 3.35; November, 2.30; December, 3.04. 


INCHES OF RAINFALL 


Fos faa) ce ac = 
Seer i Se ee = 
= we = zt = 


JUNE 
JULY 
AUG 

E 

C 

0 

E 


Fic. 1—THE AVERAGE MONTHLY DISTRIBUTION OF RAINFALL IN COLES COUNTY 


It will be noted that the more abundant rainfall occurs mainly during the growing season. 
This, of course, is favorable for crop production. 


*R. 8. Smith, in charge of soil survey mapping; E. E. DeTurk, in charge of soil analysis; 
F. C. Bauer, in charge of experiment fields; L. H. Smith, in charge of publications. 
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AGRICULTURAL PRODUCTION 


About 90 percent of the area of Coles county is good agricultural land and 
suitable for the production of the crops common to the region. , Diversified farm- 
ing is the rule with a relatively large number of beef cattle and hogs produced. 
The percentage of farms operated by tenants has decreased from 45.7 in 1910 to — 
41.8 in 1925. The following figures show the acreage and production of the 
principal crops for Coles county for the year 1924. 


Crops Acreage Production Yield per acre 
Cornicny ica aro eee 106,010 3,755,975 bu. 37.1 bu. 
WiRGBG is rc cuts tte ea scape aie atomtans 19,080 400,067 bu. 21.0 bu. 
Oats + vsuvcestepalicaie «asi 27,698 1,051,514 bu. 38.0 bu. 
PiMOth vigel ate de eterna: helas Ge teer ne 9438.05 «° Fasiianien marae 
Timothy and clover mixed..... S550. Me eure 
GLO VON Fccratin rede Gir tacit ea tegen seve es rote 919048) ) a vie are 
PAL Talat esac eles wicrstctas eters erates L616). 4 tabs ae 
ED OUaL WRAY talks tocleinle ret oiete ae 35,021 42,766 tons 1.22 tons 
ESTOOML: COMM, pe wei sie eet eran 19,250 9,240,000 lbs. 480.0 lbs. 
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Fig. 2.— RELATIVE ACREAGE OF FIELD CROPS IN COLES COUNTY 


The diagram brings out. the preponderance of land devoted to the grain crops and broom 


corn. Legume crops might well occupy a larger proportion of the cultivated acreage. (Data 
from the 1925 Census.) 


These census figures are for a single year only. The following averages for 
the past ten-year period will probably more nearly represent the true conditions. 
According to these figures the average yield of corn is 33.6 bushels an acre; — 
wheat, 17.1 bushels; oats, 26.4 bushels; and tame hay, 1.3 tons an acre. 

A crop of unusual interest is broom corn, Coles county being in the heart 
of one of the world’s famous broom-corn districts. In production of broom corn 
this county is far above any other in the state. The acreage given in the above | 
table happens to be unusually high. According to records at hand, it has varied ! 
in different years from about 7,000 to over 19,000 acres annually. 

Two important crops of rather recent introduction are not mentioned in © 
the above list, namely, soybeans and sweet clover. The increasing interest in | 
soybeans in this section of the country is shown by the fact that last year 5,000 
acres in Coles county was devoted to soybeans alone, and on 5,000 other acres 
Soybeans was grown as a companion crop with corn. The great: value of sweet @ 
clover as a soil-building and pasture crop is becoming more and more recognized. — 
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In 1919, there were only 500 acres of sweet clover in the county; in 1928 the 
acreage was 15,000. 

The following figures show the character of the livestock interests in the 
county as taken from the census report of 1925. 


Animals and Animal Products Nwinber V alue 
NCTA N Sad ad, cse spied seer arebaanneceesae 10,378 $609,912 
INGE ppc a pais ovie’ be 1040s ote vbeeteeceds 2,045 150,270 
PRE soy as cdccte dees cvrcsscurusensrs 16,861 642,178 
WORM ECOMEME Tr, icc ee ellen cr eet dacencavasendicintone AVE diners 
DIMERS Ae de'7 av.9 6 pedo d avon er id eore  wpelas 279,899 
Pi Fp 5 oc to'e oe babe neve br 0ce se aes 5,856 57,63 
a sc cnt cb erecsceedccenerscarens 58,325 733,942 
Se OOS Ss 7 visiFijie vsicib0 sds neGd ns vidlecce  -vdnd« 518,599 
DUMMIES dicho sd edn bine ese ceiey+coenevcecer se0% 12,769 


SWINE (733,942) 


CATTLE 6642172) 


HORSES @ 604,912) 


Fig. 3.—RELATIVE VALUE OF THE MORE IMPORTANT CLASSES OF FARM ANIMALS 
IN COLES COUNTY 
) Horses, cattle, and swine are the main classes of livestock and are of about equal value 
in Coles county. 


SOIL FORMATION 


GEOLOGICAL ASPECTS 

One of the most important periods in the geological history of Coles county, 
from the standpoint of the character of the soils, was the Glacial period. The 
soils of the county were formed from material laid down during glacial times. 
Very little wind-blown material occurs in the county other than some formed 
by the local reworking of fine-textured material. 

At least two glacial advances, the Illinoian and early Wisconsin, covered 
the area that now constitutes Coles county. The glacial debris, known as till or 
drift, deposited by the Illinoian ice sheet, was buried by the debris deposited 
by the more recent early Wisconsin ice sheet. Altho the Illinoian drift does 
not enter into the composition of the soils of Coles county except in the southeast 
and southwest corners of the county, vet the Illinoian glaciation probably had 
an important relation to the soils of this county in that it acted as a leveling 
force, rubbing down the preglacial hills and filling the preglacial valleys. 
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The terminal moraine of the early Wisconsin glaciation, varying from about 
5 to 9 miles in width, extends across the southern part of Coles county. The 
northern boundary of this moraine is not distinct, while the southern boundary 
thruout most of its length is marked by an abrupt drop-off. An outwash plain, — 
forming a belt some four or five miles in width, borders the moraine on the south. 
The outwash plain material lies on an older glaciation. The soils on the outwash 
plain resemble those to the north more than those to the south, owing to the fact 
that the material from which they were formed came from the later glaciation. 

A considerable portion of Coles county north of the terminal moraine re- 
mained for a long period of time under swampy conditions following the retreat 
of the Wisconsin ice sheet. This condition gave rise to a large proportion of 
heavy soil with drab-colored subsoil extending for a considerable distance to the 
north and west: of Coles county. 


PHYSIOGRAPHY AND DRAINAGE 


The portions of Coles county which are occupied by dark-colored soils are | 
for the most part flat to gently undulating. The light-colored area on either 
side of Kaskaskia river is gently rolling with some small flat areas occurring, 
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Fig. 4.—DrAINAcr Map or Cotes County SHOWING STREAM COURSES AND 
BorTtomM-LAND AND MORAINAL AREAS 
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while the topography along the Embarrass river, particularly in the southern 
part of the county, is strongly rolling. The topography of the terminal morainal 
region, as well as of the small morainal lobe north of Bushton is in general undu- 
lating to gently rolling. Apparently the terminal moraine formed a barrier to 
the drainage until cut thru by Kaskaskia and Embarrass rivers. It was probably 
during the time when the ice front was retreating to the north that much of the 
fine sediment from which the heavy soils of this region were formed was laid 
down. 

Most of the drainage of the county is carried by Embarrass and Little 
Wabash rivers into Wabash river and thence into the Ohio. Kaskaskia river 
drains the northwest corner of the county, carrying the water southwest into 
the Mississippi. 

The following altitudes at several points in Coles county are given in feet 
above sea level: Humbolt, 666 feet; Mattoon, 735; Lerna, 754; Charleston, 654 ; 
Ashmore, 682; Oakland, 655. 


SOIL DEVELOPMENT 


A sufficient length of time has elapsed since the ice age for soils to be 
developed from the materials deposited by the great ice sheets. In Coles county 
the material from which the soils were formed is largely the ground-up rock 
known as till or drift. The drift has been locally reworked by wind and water 
but there appears to have been but little loess deposited over the county. During 
the long period of time which has elapsed since the retreat of the last ice sheet, 
the processes of weathering have been acting on the drift, gradually changing 
it into soil. The soil features, most easily seen, produced by the weathering 
processes, are the layers or horizons which make up the soil profile. 

The horizons are designated by the letters A, B, and C from the surface 
down. Each of these horizons is usually made up of two or more parts. A more 
complete discussion of the meaning and designation of horizons will be found 
on page 23. 

Since the upland dark-colored soils of this region have been occupied, prob- 
ably continuously, by grass vegetation, relatively large amounts of organic matter 
have accumulated, resulting in the formation of productive dark-colored soils. 
The areas adjacent to streams, which have been occupied by timber, are light- 
colored because of the relative deficiency of the surface soil in organic matter. 
The bottom-land soils are made up, for the most part, of alluvial material 
brought down from the uplands of the immediate vicinity. These soils are rela- 
tively young or immature and therefore have not developed horizons as have 
the more mature soils of the upland. 


SOIL GROUPS 


The soils of Coles county are divided into four groups, as follows: 

Upland Prairie Soils, dark colored and usually rich in organic matter, the 
organic matter having been derived from the decaying roots of the wild prairie 
grasses which occupied this land for thousands of years. 
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Upland Timber Soils, those zones along stream courses over which forests 
grew for a long period of time. These contain in general less organic matter 


than the prairie soils. 


Terrace Soils, ineluding bench lands and second bottoms formed by deposits — 
from flooded streams overloaded with sediment, perhaps at the time of the melt- 
ing of the glaciers. . 

Swamp and Bottom-Land Soils, including the overflow lands or flood plains — 
along streams, the swamps, and the poorly drained lowlands. 


Taste 1—SOIL TYPES OF COLES COUNTY, ILLINOIS 


Soil he 


Area in Area Percent 
type Name of type square in of total 
_No. miles acres area 
Upland Prairie Soils (300, 900, 1100) 
326 
926 | Brown Silt loaminn...) ser eee eateries 214.12 137 037 42.08 
1126 
320) 
920} | Blaek Clay Josie. 6o che sere eee res 87.28 55 859 hy Gest: 
1120 
1121~|, Drab: Clay. Loum... ster ee cee ee 1.94 1 242 38 
328 
928 Brown-Gray Silt Loam On Tight Clay....... 8.02 5 133 1.58 
1128) 
880. | ‘Gray Silt: Loam On/Tight Clayvi-s, 2.0 1.91 1 222 .38 
313.27 200 493 61.57 
Upland Timber Soils (300, 900, 1100) 
| | 
934 | Yellow-Gray Silt Loamysi..... 56. sos ene 134.36 85 990 26.40 
1134} 
335) 
935+.) YellowsSilthioam: . teehee een eee ane 29.07 18 605 5.71 
1135) 
ee Light Gray Silt Loam On Tight Clay....... .19 122 04 
1132 
364 | Yellow-Gray Sandy Loam................. 1.02 653 . 20 
164.64 105 370 32.35 
Terrace Soils (1500) 
1526" |: Brownsilt boamkm once ae eee eee 1.09 698 pp 
1660 | Brown Sandy Doamisen. a: cl ce eee .16 102 03 
1528 | Brown-Gray Silt Loam On Tight Clay Over ‘ 
Gravely cn evi teaccsci aye ait neh ee ees 06 38 2OL 
1536 | Yellow-Gray Silt Loam Over Gravel........ 3.42 2 189 .67 
1564 | Yellow-Gray Sandy Loam.................. 07 45 .O1 
4.80 3 072 .94 
Swamp and Bottom-Land Soils (1400) 
L454 | Mixed slo anaes ae: eaacdeonts wr eee Pao ree 25.91 16 582 5.10 
Waters dy Prien a hes cc) aR Age ee ra .22 141 04 
Rotaligs hit AR aoe eee ee ee 508 . 84 325 658°! 100.00 


‘Including associated types described in the text but not differentiated on the map. 
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Table 1 gives the area of each soil type in Coles county and its percentage 
of the total area. It will be observed that 61.57 percent of the county consists of 
upland prairie, 32.35 percent of upland timber, .94 percent of terrace soils, and 
5.10 percent of swamp and bottom-land soils. The accompanying map, appearing 
in two sections, shows the location and boundary lines of the various soil types. 

For explanations concerning the classification of soils and the interpretation 
of the map and tables, the reader is referred to the first part of the Appendix to 
this Report. 


INVOICE OF THE ELEMENTS OF PLANT FOOD 
IN COLES COUNTY SOILS 


Three Depths Represented by Soil Samples 


In the Illinois soil survey each soil type is sampled in the manner described 
below and subjected to chemical analysis in order to obtain a knowledge of its 
important plant-food elements. Samples are taken, usually in sets of three, to 
represent different strata in the top 40 inches of soil, namely: 

1. An upper stratum extending from the surface to a depth of 6%4 inches. This stratum, 


over the surface of an acre of the common kinds of soil, includes approximately 2 
million pounds of dry soil. 


A middle stratum extending from 6% to 20 inches, and including approximately 4 
million pounds of dry soil to the acre. 
A lower stratum extending from 20 to 40 inches, and including approximately 6 
million pounds of dry soil to the acre. 


bo 


OS 


By this system of sampling, we have represented separately three zones for 
plant feeding. It is with the upper, or surface layer, that the following dis- 
cussion is mostly concerned, for it includes the soil that is ordinarily turned with 
the plow, and is the part with which the farm manure, limestone, phosphate, or 
other fertilizing material is incorporated. Furthermore, it is the only stratum 
which can be greatly changed in composition as a result of adding fertilizing 
materials. 

For convenience in making application of the chemical analyses, the results 
presented in Tables 2, 3, and 4 are given in terms of pounds per acre. It is a 
simple matter to convert these figures to a percentage basis in case one desires 
to consider the information in that form. In comparing the composition of the 
different strata, it must be kept in mind that it is based on different quantities 
of soil, as indicated above. The figures for the middle and lower strata must, 
therefore, be divided by two and three respectively before bemg compared with 
each other, or with the figures for the upper stratum. 

The data in Tables 2, 3, and 4, showing plant-food content of Coles county 
suils, are based in part upon analyses of samples taken from surrounding counties. 


Wide Range in Organic Matter and Nitrogen 


It can be readily seen from Tahle 2 that there is a wide variation among 
the different soil types of Coles county with respect to their content of the 
different plant-food elements in the upper 6%, inches of soil. The most striking 
relationship among these variations is observed with respect to organic carbon 
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and nitrogen, the quantities of which run parallel from type to type tho the 
organic-carbon content is usually 10 10 12 times as great as the nitrogen. The 
relationship between organic carbon and nitrogen is explained by the well- 
established facts that all soil organic matter (or which organie¢, carbon is the 
measure) contains nitrogen, and that most of the soil nitrogen—usually 99 per- 
cent or more—is present in a state of organic combination; that is, as a part of 
the organic matter. 

The upland prairie soils of Coles county are, for the most part, relatively 
high in organic matter and nitrogen, while the upland timber soils are fairly 
low, there being little overlapping in the two groups with respect to these con- 
stituents. That is, the greatest amount present in the timber soils is about the 
same as the least amount found in the prairie types. This difference is noticeable 
not only in the surface soil, but extends to the middle stratum as well. Yellow 
Silt Loam and Yellow-Gray Sandy Loam are particularly deficient in organic 
matter and nitrogen. The former type is subject to excessive erosion, which 
removes the surface soil with its organic-matter accumulation, while the latter, 
owing to its porous character, permits rapid oxidation of organie matter. 

All of the soils of the county diminish rapidly in their content of both 
organic matter and nitrogen with inereasing depth. This diminution is notice- 
able in the second stratum, 624 to 20 inches, and is very pronounced in the lower 
stratum, 20 to 40 inches. 


Phosphorus Lower in Light-Colored Soils 


The total phosphorus content varies somewhat from type to type. It is 
noticeably low in the lighter colored upland timber soils and high, on the 
whole, in the upland prairie types. The greatest amount, 1,840 pounds per acre, 
is to be found in Black Clay Loam. There is a tendency for the phosphorus 
content of soils to parallel the organic carbon to some extent, but not closely as 
does nitrogen. Phosphorus, in contrast with some other elements, is not appre- 
ciably removed from the soil by leaching. It is converted by growing plants into 
organic forms and tends to accumulate in the surface soil in plant residues at 
the expense of underlying strata. Investigations at the Illinois Station have 
shown that in Brown Silt Loam, for example, about 33 percent of the total 
phosphorus of the surface soil is organic, and in Black Clay Loam about 37 
percent. It is the second stratum (624 to 20 inches) which furnishes most of 
the phosphorus thus moved upward. Consequently, in the soils of Coles county 
the phosphorus percentage is generally higher in the surface soil than in the 
second stratum, and frequently higher than in the lower stratum. 


Sulfur Generally Well Supplied 


Sulfur, another element used by growing plants, is likewise associated to 
some degree with organic carbon. This is because a considerable, tho varying, 
proportion of the sulfur in the soil exists in the organic form, that is, as a 
constituent of organic matter. The soils of Coles county contain from one-half 
to three-fourths as much sulfur as phosphorus, the amount in the surface soil 
ranging from 320 to 1,260 pounds per acre. Like phosphorus, the sulfur content 
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generally decreases with depth, partly because part of the sulfur is organic, and 
organic matter decreases with depth, and also partly because organic sulfur 
is less subject to leaching than calcium sulfate (gypsum), the chief inorganic 
form found in soils. 

The amount of sulfur available to crops is influenced not only by the soil 
supply, but also by that brought down from the atmosphere by rain. Sulfur 
dioxid escapes into the air in the gaseous products from the burning of all kinds 
of fuel, particularly coal. The gaseous sulfur dioxid is soluble in water, and 
consequently is dissolved out of the air by rain and brought to the earth. In 
regions of large coal consumption, the amount of sulfur thus added to the soil 
is relatively large. At Urbana during the eight-year period, 1917 to 1924, there 
was added to the soil by the rainfall an average of 3.5 pounds of sulfur an acre 
a month. Similar observations have been made in other localities for shorter 
periods. The precipitation at the various points in the state in a single month 
has been found to vary from a minimum of three-fourths of a pound to more 
than ten pounds an acre. 

These figures afford some idea of the amounts of sulfur added by rain, and 
also of the wide variations in amount under different conditions. Considering 
the amounts which are brought down in rainfall in addition to the soil supply, 
the facts would indicate that apparently there is little or no need for sulfur 
fertilizers in Coles county. In order to determine definitely the response of 
erops to applications of sulfur fertilizers, experiments with gypsum have been 
started on a number of experiment fields in various parts of Illinois. 


Potassium Content Relatively Uniform Thruout County 
The potassium content of the soil exhibits less variation from type to type 
than any other element studied. The average amount in the surface soil is 
approximately 34,000 pounds per acre, and the entire range thru all the types 
in the county is from a minimum of 27,560 pounds up to 39,100 pounds per acre. 
The potassium concentration in the soil at different depths likewise shows very 
little variation. 


Wide Variations in Calcium and Magnesium 


Soils in general exhibit wide variations in their content of calcium and 
magnesium, and Coles county is no exception to this rule. In the surface soil, 
magnesium varies from 3,380 to 13,320 pounds per acre, while calcium varies 
from 5,000 to 18,900 pounds. Even the higher amount of total calcium noted 
does not indicate the presence of calcium carbonate (limestone) in the soil. Con- 
siderable amounts of calcium are always present, even in acid soils. Most of 
it is combined with silicic acid to form the complex silicate minerals and, while 
it serves to keep down the acidity, it may become available to plants so slowly 
as to make calcium deficiency a limiting factor in their growth. Added lime or 
limestone supplies readily available caleium in addition to correcting soil acidity. 

The very high values for total calcium in the lower stratum of Black Clay 
Loam and Drab Clay Loam, namely, 118,060 and 73,910 pounds per aere, re- 
spectively, are to be attributed to the presence of calcium carbonate (limestone) 
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in this stratum. Leaching of native calcium carbonate proceeds downward with 
the result, in Coles county, that it has disappeared from the surface soil of 
practically the entire area, and has passed down below the 40-inch stratum 
sampled in the case of most types. Some increase in total magnesium accom- 
panies the high calcium of these carbonate-containing strata. The increases are 
not great, however, because of the inability of magnesium to exist long in the 
soil in the form of carbonate. The carbonate of carbonate-containing soils is 
chiefly calcium carbonate. 

In the upland soils variations in the amounts of calcium and magnesium at 
the different depths give some indication of the movement of these elements in 
soil formation. In the surface soil the calcium usually exceeds the magnesium 
in amount, as a‘result of the preponderance of calcium in the soil-forming 
materials. As these two bases are carried down in solution, magnesium is more 
readily absorbed than calcium in the soil mass, so that with increasing depth 
there is an increasing proportion of magnesium to calcium. This change is most 
pronounced in the most mature soils such as Light Gray Silt Loam On Tight 
Clay, where the ratios of magnesium to calcium in the upper, middle and lower 
strata are, respectively, .93, 1.13, and 2.29. That is, in the surface soil there 
is slightly less magnesium than calcium. In the second stratum there is slightly 
more, while in the lower stratum there is about 214 times as much magnesium as 
ealecium. On the other hand, in youthful soils where the leaching has been less 
intense or less prolonged, the ratio of magnesium to calcium shows little or no 
increase in the lower levels. For instance, in Black Clay Loam the ratios of 
magnesium to calcium are, in the three respective strata, .70, .79, and .51. 
Here the drop in relative amount of magnesium in the lower stratum is an 
expression of the calecium-carbonate accumulation noted above. Thus it will be 
seen that variations in the processes ot soil development may be definitely re- 
flected in the chemical properties of the soil itself. 


Local Tests for Soil Acidity Often Required 


It is impracticable to attempt to obtain an average quantitative measure 
of the calcium-carbonate content or the acidity of a given soil type because, 
while some samples will contain large amounts of calcium carbonate, others will 
contain none, but on the other hand will have a lime-requirement due to the soil 
acidity. We thus have what may be considered positive and negative values 
ranging, perhaps widely, on the opposite sides of the zero or neutral point. The 
numerical average of such values could have no significance whatever, since such 
an average would not necessarily even approach the condition actually existing 
in a given farm or field. It is for this reason that the tables contain no figures 
purporting to represent either the lime requirement or the limestone present in 
the different soil types. 

The qualitative field tests madé in the process of the soil survey are much 
more numerous than the chemical analyses made in the laboratory, and do give 
a general idea of the predominating condition in the various types as to acidity 
or alkalinity. These tests, therefore, furnish the basis for some general recom- 
mendations which are given in the descriptions of individual types on pages 15 
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to 22. To have a sound basis for the application of limestone the owner or 
operator of a farm must usually determine individually the lime requirements of 
his different fields. The section in the Appendix dealing with the application 
of limestone (page 31) is pertinent and should be read in this connection. 


Supplies of Different Elements Not Proportional to Crop Removal 


In the foregoing discussion we have considered mainly the amounts of the 
plant-food elements in the surface 624 inches of soil, and rather briefly the 
relative amounts in the two lower strata. We have noted that some of the 
elements of plant food exhibit no consistent change in amount with increasing 
depths. Other elements show more or less marked variation at the different 
levels, the trend of these variations serving in some cases as clues to the relative 
maturity of different soil types and the processes involved in their development. 

By adding together the corresponding figures for all three strata, we have 
an approximate invoice of the total plant-food elements within the feeding range 
of most of our field crops, since the major portion of their feeding range is 
included in the upper 40 inches. One of the most striking facts brought out 
of this consideration of the data is the great variation within a given soil type in 
the relative abundance of the various elements present as compared to the 
amounts removed by crops. In one of the important types in the county, Brown 
Silt Loam, Upland, we find that the total quantity of nitrogen in all three strata 
is 14,730 pounds. This is about the amount of nitrogen contained in the same 
number of bushels of corn. The amount of phosphorus is approximately one- 
third as much, or 4,850 pounds, but this amount is equivalent to the phosphorus 
in about twice as much corn. In the surface stratum, however, which is the zone 
of most intensive crop feeding, we find the relative amounts of nitrogen and phos- 
phorus more nearly in accord with the rate of removal of these elements by crops. 
Here the nitrogen is equivalent to 4,700 bushels of corn, and the phosphorus to 
6,000 bushels, or only one-third more than the nitrogen equivalent. 

Other types show marked contrast to Brown Silt Loam with respect to total 
soil content in relation to rate of removal by crops. However, in most soils, 
except those which are peaty, phosphorus is more abundant than nitrogen when 
considered in terms of crop equivalents rather than absolute amounts of the 
respective elements. 


Limitations of Chemical Analysis of the Soil Not Always Appreciated 

The foregoing discussion should not be taken to mean that it is possible to 
predict how long any certain soil could be cropped under a given system before 
it would become exhausted. Nor do the figures alone indicate the immediate 
procedure to be followed in the improvement of a soil. It must be kept in mind 
that the amount of plant food shown to be present is not the sole measure of the 
ability of a soil to produce crops. The rate at which these elements are liberated 
from insoluble forms and converted to forms that can be used by growing plants 
is a matter of at least equal importance, as explained on page 29, and is not 
necessarily proportional to the total stocks present. One must know, therefore, 
how to cope with the peculiarities of a given soil type, if he is to secure the full 


12 Sor Report No. 44 


benefit from its stores of the plant-food elements. In addition, there are economic 
factors that must be taken into consideration, since it is necessary for one to de- 
cide at how high a level of productivity he can afford to maintain his soil. 

The chemical soil analysis made in connection with the soil survey is seen 
to be of value chiefly in two ways. In the first place it reveals at once outstand- 
ing deficiencies or other chemical characteristics which alone would affect its 
productivity to a marked extent, or point the way to corrective measures. It 
should be borne in mind, however, that fairly wide departures from the usual 


TaBLE 2—COLES COUNTY SOILS: Priant-Foop ELEMENTS IN UppErR SAMPLING STRATUM 
Axsout 0 To 6% InNcHEsS! 


Average pounds per acre in 2 million pounds of soil 


“e 


Soil Total | Total | Total Total | Total 
hee : . Total Total 
type Soil type organic | nitro- | phos- potas- |magne- : 
No. earbon | gen |phorus sulfur sium | sium calcium 
Upland Prairie Soils (300, 900, 1100) 
326 
926) | Brown Silt Loam ewe eee 54 200] 4 700] 1 030) 660} 35 120! 7 920} 9 690 
1126 
320 
920> | Black Clay Loam.......s..... 75 520) 7 220) 1 840} 1 260} 32 490) 13 320) 18 900 
1120 
P21) Drabi Clay Doamspariearie ese 54 280] 5 280] 1 490} 950} 39 100} 12 290} 16 090 
aoe Brown-Gray Silt Loam On 
1128 Tight Clayrasnemecepedes sie 34 580] 3 280] 1 020} 700] 30 270} 4 810} 6 560 
330 | Gray Silt Loam On Tight Clay | 22 710] 2 640] 750] 320] 33 490} 4 830} 5 510 
Upland Timber Soils (300, 900, 1100) 
334 
934} | Yellow-Gray Silt Loam........ 25 400} 2 280} 770) 420} 35 620} 5 860} 6 470 
1134 
335 
935-1) Mellow Silt Loamee. .- eee - 17 430} 1 560} 590) 420] 35 890) 4 850) 5 000 
1135 
332\ | Light Gray Silt Loam On 
1132 _ lig ht Clays eae at 20 180} 2 080; 840) 400) 35 080) 6 320} 6 820 


Terrace Soils (1500) 


1526" | Brown silt Loam acess 39 500) 3 840) 940] 600} 27 560) 7 020) 11 500 
1560 | Brown Sandy Loam........... 39 040) 3 960) 980] 620} 37 320) 4 800) 10 480 
1528 | Brown-Gray Silt Loam On 
Tight Clay Over Gravel..... 19 740} 2 100} 1 060) 540) 31 940} 3 380) 5 060 
1536 ee Silt Loam Over 
hi ROBO SEMA Biotec Fire age 25 010) 2 460} 1 000} 480) 34 550) 3 780} 6 620 
1564 Vellow-Ceey Sandy Loam..... 13 800} 1 370} 830) 340) 30 140} 3 630) 5 930 
Bottom-Land Soils (1400) 
Amal | Mixed Wea seeas e e heer’ inane Le. et heap Carre 


LIMESTONE and SOIL ACIDITY.—In connection with these tabulated data, it should be 
explained that the figures for limestone content and soil acidity are omitted not because of any 
lack of importance of these factors, but rather because of the peculiar difficulty of presenting in 
the form of general numerical averages reliable information concerning the limestone require- 
ment for a given soil type. A general statement, however, will be found concerning the lime 
requirement of the respective soil types in connection with the discussions which follow. 


‘Samples from neighboring counties were used in these averages. 
2No samples were obtained for analysis. 
sAnalytical results are not included for Mixed Loam because of the heterogeneity of this type. 
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are necessary before the chemical analysis alone can be followed as a guide in 
practice without supplementary information from other sources. An example 
of the direct use of the results of chemical investigations is the marked shortage 
of potassium in peat soils associated with the need for potassium fertilizers; 
another example is the determination of the lime need of soils by chemical tests. 
It is quite probable that the results of chemical soil analyses are frequently 
misused by attempting to interpret small differences in the amount of a certain 
plant-food element as indicative of similar differences in the fertilizer need. 
For example, differences of 100 or 200 pounds of phosphorus per acre in soils 
containing 1,000 pounds or thereabout in the surface soil should not be con- 
sidered as of any agricultural significance. Again, 100 pounds to the acre of 
active organic nitrogen added by plowing down a clover crop may be of more 


TaBLe 3.—COLES COUNTY SOILS: Prant-Foop Evements in Mippie Sampiine Stratum, 
Axsout 6% To 20 IncHEs! 


Average pounds per acre in 4 million pounds of soil 


Soil Total | Total | Total Total | Total 
: : : Total Total 
type Soil type organic | nitro- | phos- potas- |magne- : 
No. carbon | gen |phorus sulfur sium sium calcium 
Upland Prairie Soils (300, 900, 1100) 

326 

OG rMeBrown oll Woam...........5. 69 510} 6 280) 1 660] 1 180) 70 750) 18 950) 17 700 
1126 

320 

920) | Black Clay Loam............. 70 750} 6.810] 2 630] 1 500) 67 860) 27 750) 34 920 
1120 
112i DrapiClay Loam... .......... 63 280} 6 490} 2 540} 1 350) 79 040) 27 040) 29 700 
58! Brown-Gray Silt Loam On 
1128} Anal: HEY; it ao 32 780} 3 600} 1 550} 850) 63 650) 12 740} 11 660 


330 Gray Silt Loam On Tight Clay | 18 920] 2 510] 1 200 240] 61 430} 15 450| 12 480 
Upland Timber Soils (300, 900, 1100) 


334 

934 Yellow-Gray Silt Loam........ 19 530} 2 300) 1 310 510) 75 190} 20 640} 12 850 
1134 ' 

335 

935 VellowssltWoam:. ............- 15 480} 1 750} 1 250 600) 75 390} 20 550} 8 550 
1135 

332) | Light Gray Silt Loam On 

1132 Wbiasys (OVEN AA eee re 17 040} 1 920) 1 160 500} 73 000} 15 960} 14 240 


SG smmEe ore Grav saldy LOGIN? lls sco e cele core eke sine t alee cawls adhees oled es ce cfewanee 


1526 Brown Siltbeloam............ .« 33 600] 3 480) 1 840 600} 79 360; 12 680] 20 960 
1560 Brown Sandy Loam........... 33 360} 3 480) 1 520 480} 71 880} 10 080} 16 640 
1528 | Brown-Gray Silt Loam On 

Tight Clay Over Gravel..... 15 160} 2 080) 2 040; 680) 66 760) 11 960) 9 960 
1536 | Yellow-Gray Silt Loam Over 

Grawell dan oh = oe Ve 17 880} 2 520} 2 000 420| 77 640} 10 000} 12 280 
1564 | Yellow-Gray Sandy Loam...... 11 100} 1 700} 1 760 500} 63 540} 12 200} 10 140 


Bottom-Land Soils (1400) 


Mey eltoam? 3 .......... et ine ei deo aes oe eae 
LIMESTONE and SOIL ACIDITY .—See note in Table 2. 


1Samples from adjoining counties were used in these averages. 
2No samples were obtained for analysis. ; ¢ 
3Analytical results are not included for Mixed Loam because of the heterogeneity of this type. 
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importance to the succeeding crop than a difference in soil composition of 1,000 
pounds an acre of nitrogen. 


Chemical Studies Important in Soil Investigations 


The second funetion of soil analysis is as an aid in the scientific study of 
soils from many angles, the ultimate aim of which is, of course, the more eco- 
nomical utilization of the soil for efficient crop production. Not only do chemical 
studies aid in determining the processes involved in soil development under 
natural conditions, but also in determining the effects of different soil manage- 
ment and fertilizing practices upon the soil, and upon the utilization by crops of 
the plant-food elements involved. 


‘ 


Tasie 4.—COLES COUNTY SOILS: Puant-Foop ELEMENTS In LOWER SAMPLING STRATUM, 
Asout 20 To 40 IncHEs! 


Average pounds per acre in 6 million pounds of soil 


Soil Total | Total | Total | Total | Total | Total Total 
type Soil type organic | nitro- | phos- | sulfur | potas- | magne- galevamn 

Yo. carbon! gen |phorus sium | sium 

Upland Prairie Soils (300, 900, 1100) 

326 

926)-|) Brown olltiuoam)..9. 6 senna 31 790} 3 750) 2 160} 1 060|108 220) 41 860) 31 130 
1126 

320 

520) Black Clay uoams.. mayen 32 690} 3 760) 3 200] 1 440/102 810) ‘60 170|118 060 
1120 ; 
HIT a Drab Clay Loamheu. aso eee 36 890} 4 260) 3 080} 1 340/114 260) 57 720) 73 910 
po Brown-Gray Silt Loam On 
1128 ‘Tight: Clay. elon ee cae oe 27 350) 3 200} 2 430] 740} 99 280} 32 420} 31 880 
330 | Gray Silt Loam On Tight Clay | 15 780} 2 600] 2 120} 300] 95 020) 30 680] 20 220 


Upland Timber Soils (300, 900, 1100) 


334 

on Yellow-Gray Silt Loam........| 16 140} 2 420} 1 980} 1 020]121 320] 49 870} 30 530 
1134 

551 

935} | Yellow Silt Loam............. 13 380} 2 140} 2 000} 660/123 680} 36 680} 15 720 
1135 

a3) Light Gray Silt Loam On 

1132/ WightiGlayan cc avant 22 620] 2 820) 1 920)  800)109 560) 42 600) 18 600 


364: |, Yellow-Gray Sandy Loam?. . 2. lf. 06 alee ce cede > oe cus| ere =e yell een 
Terrace Soils (1500) 


1526 -|.Brown Silt Loam............. 45 840] 3 660} 1 980} 1 020/122 580} 19 200} 24 420 
1560 |:Brown Sandy Loam........... 21 060} 2 400) 2 940}  900)103 920) 12 360] 18 480 
1528 | Brown-Gray Silt Loam On 

Tight Clay Over Gravel... .. 12 540) 2 580| 2 460] 1 020/100 560} 26 640} 24 780 
1536 | Yellow-Gray Silt Loam Over 

Gravelisos ice beeen: 13 080} 2 580) 2 910) 690/109 290) 24 720) 19 560 
1564. | Yellow-Gray Sandy Loam...... 10 170] 1 980] 2 310] 600) 88 830] 20 460] 17 220 

Bottom-Land Soils (1400) 

1454" |\ Mixed Loam:s 02. 2.2.0 cl see lee eee ee el eee ears |. : jake 


LIMESTONE and SOIL ACIDITY.—See note in Table 2. 


‘Some samples from neighboring counties were used in these averages. 
*No samples were obtained for analysis. ; 
*Analytical results are not included for Mixed Loam because of the heterogeneity of this type. 


it 


CoLES COUNTY 15 


DESCRIPTION OF SOIL TYPES 


The soil map of Coles county upon which this report is based was completed 
in 1921. Since that time there have been some changes in the mapping of soils. 
A soil map of the county made at this time would differ from the map com- 
pleted in 1921, chiefly in showing a few more soil types. In the following 
description of each type will be found a brief diseussicn of any change which 
would be made in mapping it at the present time, and with these explanations 
the reader should get a better idea of the various soil types shown on the map. 


UPLAND PRAIRIE SOILS 

The upland prairie soils of Coles county oceupy 313.27 square miles, or 61.57 
percent of the area of the county. 

The dark color of prairie soils is due to the accumulation of organic matter, 
derived very largely from the fibrous roots of prairie grasses that grew on this 
land for centuries. The stems and leaves of the grasses were in part burned by 
prairie fires or were lost in part thru deeay, so that they actually added little 
organic matter to the soil; however, the protection afforded by this mat of 
constantly renewed, decaying material was of importance in retarding the decay 
of the roots. From a sample of virgin bluestem sod, one of the most common 
prairie grasses, it has been determined that an acre of this soil to a depth of 
7 inches may contain as high as 131% tons of roots. 


Brown Silt Loam (326, 926, 1126) 


About 42 percent, or over 200 square miles, of the area of Coles county is 
' shown on the accompanying map as Brown Silt Loam. With advancing knowl- 
edge of soil classification, however, it is now possible to recognize within this 
area at least four and possibly five distinguishable soil types. Four of these will 
be deseribed. The fifth occurs in portions of Piatt, Macon, Moultrie, and Coles 
counties, but has not as yet been studied sufficiently to justify considering it 
established. The four types now differentiated are Brown Silt Loam On Clay, 
Brown Silt Loam, Brown Silt Loam On Drift, and Light Brown Silt Loam On 
Drift. These types all occur on the areas shown on the map as Brown Silt 
Loam. Their occurrence bears a rather definite relation to topography, as will 
appear from the descriptions which follow. 


Brown Silt Loam On Clay. This type occurs on nearly level areas. It was 
formed under conditions of intermittently poor drainage, which resulted in an 
accumulation of considerable fine-textured material in the subsoil. Associated 
with this fine texture and plasticity of the subsoil, or B horizon, is a gray color 
showing a lack of free air movement. ‘The surface soil, or A, horizon, is dark 
brown in color and is in some places rather heavy for a silt loam. The sub- 
surface or A, horizon is heavier than the A, and lighter in color. 

Management.—This type, even tho it has a heavy subsoil, will underdrain 
satisfactorily. In tiling, the strings of tile should be placed closer together than 
for any of the other types mapped as Brown Silt Loam. Regular additions of 
fresh organic matter should be provided, for otherwise this soil will gradually be- 
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come more difficult to work. Limestone is needed for sweet clover or alfalfa, tho 
in light applications. The lowest portions of the type may need no limestone and 
oceasionally small alkali spots occur. The harmful effects of the alkali may be 
corrected by applying 75 to 100 pounds of potash to the aecre\for corn. This 
type is similar to the soil on the Hartsburg and Aledo experiment fields. The 
results from these two fields are in agreement in indicating the value of manure 
on all the crops of the rotation; the value of residues, particularly for corn; 
and the failure of rock phosphate as used on these fields, particularly in the 
manure system, to cause sufficient increase in yields to justify advising its in- 
discriminate use on this soil type. If alfalfa is to be seeded, the application of 
1,000 pounds of rock phosphate, or 500 pounds of superphosphate an acre would 
be advisable, or,,if wheat is to be seeded to sweet clover, it would be advisable 
to make a trial application of either of these materials after plowing but before 
working down the wheat seed bed. The reader is referred to page 34 for a 
further discussion of the phosphate problem, 


Brown Silt Loam. This type occurs on undulating topography. It has 
good surface drainage and underdrainage. The profile is friable and easily 
permeable to roots as well as to water. This type is not extensively developed 
in Coles county. Tho it is not strongly acid, a heavier application of limestone 
is needed than on the preceding type because it is more uniformly acid. The 
surface soil, or A, horizon, is brown in color and, unlike the preceding type, does 
not tend to be too heavy for a true silt loam. The subsurface, or A, horizon, 
is distinetly yellowish and is not much heavier than the A,. The subsoil, or B 
horizon, is brownish yellow with some gray mottling present; it is a clay loam 
but is friable and only medium plastic. 


Management.—This type is similar to the soil on the Kewanee experiment 
field. The results from this field (page 49) show a good response to manure 
alone and to residues and lime in combination. Where lime was used in addition 
to manure, an additional increase in yield was secured, but the increase was not 
so large as where lime was used in addition to residues. This behavior indicates 
that manure satisfies in part the same deficiency that lime satisfies on this 
medium-acid soil. The returns from the use of rock phosphate on this field are 
not such as to justify its unqualified recommendation. This is particularly true 
in the manure system. Where green manures were the source of nitrogen and 
organic matter, rock phosphate gave just about sufficient increase in yield to pay 
for its cost when used at the rate of one ton an acre once in the rotation. The 
Bloomington experiment field is located in part on this same type of soil. The 
results from this field (page 51) show excellent returns for phosphorus and lead 
to the recommendation that one of the phosphates be given a trial for wheat. 
The reader is referred to the discussion of these materials on page 34. 


Brown Silt Loam On Drift. This type occurs on undulating to gently 
rolling topography and is found extensively developed thruout most of the 
county where dark-colored soils occur. The entire profile is similar in color to 
that of the last type described, but differs from it in character of the soil material, 


—— 
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particularly in having much more sand and gravel in the lower horizons. The 
surface soil, or A, horizon, to a depth of about 8 inches is brown in color and a 


- silt loam in texture. It frequently contains a number of chert and other rock 


fragments. The A, horizon is a yellowish brown silt loam containing some rock 
fragments and extends to a depth of about 18 or 20 inches. The B horizon is a 
medium-mottled, dark yellow, sandy and gravelly clay, medium compact and 
slightly plastic. The C horizon is a yellow, sandy, gravelly clay loam, fairly 
friable, and not much compacted. 

Management.—Brown Silt Loam On Drift is thought to be very similar in 
Management requirements to Brown Silt Loam, the last type described. It 
differs in being slightly more acid, somewhat lower in organic matter, and more 
subject to erosion. 


Light Brown Silt Loam On Drift. This type differs from Brown Silt Loam 
On Drift in being much lower in organic matter, more acid, and subject to 
serious erosion. The land is all tillable, but is spoken of by farmers as being a 
thin soil. This type occurs only on the more pronounced slopes of the two 
morainal ridges shown on the soil map, one extending as a broad belt across 
the southern part of the county and the other occurring as a small lobe north 
of Bushton. The surface, or A, horizon, is light brown or reddish brown in 
color and in places contains considerable glacial gravel. The subsurface, or 
A, horizon, is yellowish brown in color and contains more gravel than the 
surface. The subsoil, or B horizon, is gravelly glacial drift, somewhat compact 
but not plastic. The thickness of the various horizons varies because of differ- 
ences in the rate of erosion on different areas. Carbonates commonly occur at 
a depth of 40 to 50 inches. 5 

Management.—This type is less productive than any of those previously 
described. The soil needs frequent additions of fresh leguminous organic matter. 
It is more acid than less rolling land, and it must be handled carefully if erosion 
is to be reduced below the point where it is very harmful. The trial of either 


rock phosphate or superphosphate for wheat which is to be seeded to clover is 
advised for this soil. 


Black Clay Loam (320, 920, 1120) 


Over 87 square miles of Black Clay Loam are mapped as such in Coles 
county. However, this Black Clay Loam as mapped is now recognized to include 
four distinguishable types. These four types will not be described as they do 
not differ in topography so strikingly as do the separations noted for Brown 
Silt Loam and are therefore less easily recognized. For this reason the following 
generalized description of the type as it is mapped will be given instead of 
each type as now differentiated. 

The A, horizon is 10 to 12 inches deep, and is a dark brown to black clay 
loam. The A, horizon usually extends to a depth of about 20 inches, is drabbish 
black in color, and is somewhat heavier than the A, horizon. It usually contains 
small yellow spots and in the lighter portions of the type is distinctly yellow 
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instead of drabbish black. The B horizon in the heavier portions of the type is 
a gray or heavily mottled, compact, and plastie clay, while in the lighter portions 
it is a strongly mottled yellow, compact, medium-plastic clay or clay loam. 

Management.—It should be noted that alkali spots occur in Black Clay 
Loam and that potash treatment is needed on some of them because of the high 
concentration of soluble salts. Lime is generally not needed on this soil but 
regular additions of fresh organic matter should be provided for as an aid in 
maintaining a good physical condition. The use of phosphate is not likely to 
prove profitable on this soil as is indicated by the results from the Minonk and 
Hartsburg experiment fields. If no manure is available it might be well to try 
rock phosphate at the rate of about 1,000 pounds an acre, or superphosphate at 
the rate of about’250 pounds an acre, for wheat. The summarized results from 
the Minonk and Hartsburg fields are given on pages 55 and 56. 


Drab Clay Loam (1121) 


Drab Clay Loam is a minor type in Coles county, occurring only in two 
areas in the north-central part of the county. It is a soil formed under poor 
drainage conditions. The reason for its drab color instead of black is not entirely 
clear but seems to be associated with a set of conditions which limited the growth 
of the grasses. 

The surface, or A, horizon, is about 7 inches thick and is usually a drabbish 
black clay loam or silty clay loam. The subsurface, or A, horizon, is somewhat 
lighter in color than the surface, usually being drabbish brown. The subsoil, or 
B horizon, is drab or yellowish drab containing reddish brown spots. It is heavy 
but will underdrain. 

Management.—Drab Clay Loam is usually not acid and in places is alkaline. 
It is relatively low in organic matter. It also requires thoro underdrainage. 
Much has been done by the construction of dredge ditches and the laying of tile 
to take care of the excess water on this soil. Alkali spots are common and lime 
concretions and marly material are often found within forty inches of the surface. 


Brown-Gray Silt Loam On Tight Clay (328, 928, 1128) 


Brown-Gray Silt Loam On Tight Clay oceurs chiefly in the southeast and 
southwest corners of the county and south and east of Ashmore. The total area 
occupied by this type is only about 8 square miles. This type is characterized 
by a grayish brown surface, or A, horizon, a gray subsurface, or A, horizon, 
and a brown, highly plastic, and compact subsoil, or B horizon. The B horizon 
is mottled with yellow, reddish brown, and gray. 

Management.—The feature of Brown-Gray Silt Loam On Tight Clay which 
is of most importance from the standpoint of soil management is the impervious 
B horizon which oceurs at a depth varying from about 16 to 28 inches. Under- 
drainage is not effective in removing excess water, because water passes thru 
the plastic material too slowly. Furrows and open ditches must be depended on 
for drainage. Crops are more subject to injury from drouth on this soil than 
on one in which the movement of water and penetration of roots are good. This 


Cotes County 19 


soil is acid. Following the application of limestone, good sweet clover crops 
may be grown, and this in turn makes it possible to grow satisfactory corn crops 
except in seasons when the rainfall is not well distributed. This soil type is 
probably better suited to small grains, soybeans, cowpeas, and clover than to 
corn. 


Gray Silt Loam On Tight Clay (330) 


Gray Silt Loam On Tight Clay is a minor type in Coles county, occupying 
a total area of less than two square miles. It is found just south of the moraine 
in the southwest and southeast corners of the county. This type is similar in 
some respects to Brown-Gray Silt Loam On Tight Clay, but is a poorer soil. 
The surface, or A, horizon, is about 7 inches deep and is gray in color. The 
subsurface, or A, horizon, is light gray in coler. This stratum is friable and is 
easily penetrated by water and roots but has a low water-holding capacity. The 
subsoil, or B horizon, is heavy and plastic and highly impervious to roots and 
to water. It lies at a depth of about 18 inches, and is usually from 8 to 12 inches 
in thickness. Below this impervious layer, a fairly friable material occurs. 

Management.—Gray Silt Loam On Tight Clay is strongly acid and no im- 
provement in its productivity can be expected until limestone has been applied 
and nitrogen and fresh organic matter provided thru manure or thru the grow- 
ing of legumes, preferably sweet clover. Drainage must be taken care of by 
open ditches and furrows since the impervious subsoil makes the use of tile 
impossible. 


UPLAND TIMBER SOILS 

Nearly one-third of the area of Coles county is occupied by light-colored or 
timber soils. These soils are usually characterized by a yellow or yellowish gray 
color, which is due to the low organic-matter content. This lack of organic 
matter has been caused by the long-continued growth of forest trees. As the 
forests invaded the prairies, the following effects were produced: the shading of 
the trees prevented the growth of grasses, the roots of which are mainly re- 
sponsible for the large amount of organic matter in the prairie soils; and the 
trees themselves added very little organic matter to the soil, for the leaves and 
branches either decayed or were destroyed by forest fires. 

The timbered soils are of two kinds, the undulating and the eroded. 


Yellow-Gray Silt Loam (334, 934, 1134) 


Yellow-Gray Silt Loam, covering about 134 square miles as mapped in Coles 
county, includes in reality several light-colored soil types. The flat, nearly level 
areas have a relatively impervious, gray subsoil, while the better-drained areas 
have a sufficiently open subsoil for good underdrainage and the color is yellowish, 
or even reddish if the slope is strong. A detailed profile description for Yellow- 
Gray Silt Loam as mapped in this county cannot be written since, as above stated, 
several types are included under this name. 

Management.—The nearly level portions of this type are more acid than the 
undulating and rolling portions and are naturally poorly drained. Lime is a 
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general requirement, tho the amount needed varies not only with the constitu- 
tional requirements of the soil but also with other factors, as for example, with 
the length of time and intensity with which a field has been farmed. Leguminous 
organic matter is also a general requirement and provision should be made for 
the regular growth of clover, preferably sweet clover, on any of this type which 
is farmed. Phosphate should give profitable returns on the undulating por- 
tions of this type, particularly if used for wheat. Hither rock phosphate or 
superphosphate may be tried, the former at the rate of about 1,000 pounds an 
acre and the latter at the rate of about 250 pounds. 


Yellow Silt Loam (335, 935, 1135) 


Yellow Silt Loam occurs in Coles county along Embarrass river and its 
tributaries. Some areas are found along streams in other portions of the county, 
but they are small in extent. The total area of this type in Coles county aggre- 
gates about 29 square miles. A large percentage of the type is suitable only for 
pasture, timber, or orchard because of its steep topography. The areas along 
the Little Embarrass in Township 14 North, Range 14 West, are not sufficiently 
steep to prevent their use for general farming. The character of the soil oceupy- 
ing these slopes varies greatly depending on local variations in the material from 
which the soil is formed and on the rapidity of erosion. 


Light Gray Silt Loam On Tight Clay (332, 1132) _ 


Light Gray Silt Loam On Tight Clay oceupies a total of only 122 acres in 
Coles county. It is a very poor soil and it is probably unwise at the present 


time to undertake its improvement. Further information regarding this soil may 
be had by correspondence. 


Yellow-Gray Sandy Loam (364) 


Yellow-Gray Sandy Loam occupies a total area of about one square mile in 
Coles county and is found along the Little Wabash in the southwestern part of 
the county. This soil was formed from material carried down from the moraine 
at the north by the Little Wabash and deposited in its present location by the 
wind. It is dune-like in topography and varies somewhat in its characteristics 
because of the assorting action of the wind. 

The surface, or A, horizon, is gray in color. It varies in depth but is usually 
not shallower than 5 inches nor deeper than 7 inches. The subsurface, or A, 
horizon, is light gray, and the subsoil, or B horizon, is drabbish gray and is 
medium compact but friable. The sand content of this soil is not so high as is 
common for the type except on the ridges. 


Management.—Yellow-Gray Sandy Loam is acid and is deficient in nitrogen 
and organic matter. Each field which is to be improved should be tested in detail 
for acidity and then sufficient limestone applied so that sweet clover may be 
grown. If sweet clover is given a regular place in the rotation and used pri- 
_ marily as a soil-improving crop, this soil should produce satisfactory yields. 
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TERRACE SOILS 


Relatively small areas of terrace soils oceur in Coles county. The terraces 
were built up, for the most part, during and immediately following the Glacial 
period when overloaded and flooded streams deposited an immense amount of 
material in their channels. Later as the streams diminished in size or cut their 
channels deeper, new bottoms were developed, leaving the old flood plains above 
overflow, thus forming terraces. It was upon these plains that the terrace soils 
developed. 


Brown Silt Loam (1526) 


Brown Silt Loam, Terrace, occurs as small areas along the lower course of 
Embarrass river and totals slightly more than one square mile. It differs, so far 
as is known, in no important particular from Brown Silt Loam, Upland. The 
reader is referred to the discussion of the latter type for suggestions regarding 
the management of this soil (page 16). 


Brown Sandy Loam (1560) 


Brown Sandy Loam occurs on terraces in a few small areas along Embarrass 
river. It has a total area in Coles county of only about one hundred acres. In- 
formation regarding this soil and suggestions for its management may be had by 
writing to the Agricultural Experiment Station. 


Brown-Gray Silt Loam On Tight Clay Over Gravel (1528) 


The terrace type Brown-Gray Silt Loam On Tight Clay Over Gravel differs 
in no essential from the corresponding upland type, Brown-Gray Silt Loam On 
Tight Clay, in this corner of the county except that it is underlain at a depth 
of 5 to 6 feet by a stratum of gravel. This gravel stratum might afford an 
outlet for vertical drainage. 


Yellow-Gray Silt Loam Over Gravel (1536) 


Yellow-Gray Silt Loam Over Gravel is the most extensive terrace type in 
Coles county. It occupies a total area of about 314 square miles but occurs only 
in small areas and is found along both the Kaskaskia and Embarrass rivers. 
It does not differ materially from the well-drained Yellow-Gray Silt Loam, 
Upland. The reader is referred to this latter type (page 19) for the descrip- 
tion of this terrace soil and suggestions for its management. 


Yellow-Gray Sandy Loam (1564) 


Yellow-Gray Sandy Loam, Terrace, occupies a total area of only 45 acres in 
Coles county. It differs from Yellow-Gray Sandy Loam, Upland, in method of 
formation but not in soil character. The reader is asked to refer to the dis- 
cussion of the upland type (364) for suggestions regarding the management 
of this terrace type. 


al 
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BOTTOM-LAND SOILS 


Bottom-land soils, as the name implies, are those found along the stream 
bottoms. In Coles county, only one type is included in this group, 


Mixed Loam (1454) 


Mixed Loam as it occurs in Coles county is good agricultural land and is, 
in large part, cropped. Corn is not generally grown because of overflow. Mixed 
Loam varies in texture and in other soil characters because of local differences 
in the velocity of the running water in which the sediment making up the soil 
was deposited. 

Management»—The diversity of Mixed Loam calls for different tillage 
methods. In places where the soil is heavy, care must be used not to puddle 
the soil. The soil is not acid because of frequent overflow, and needs only good 
tillage to produce good corn crops. 


APPENDIX 
EXPLANATIONS FOR INTERPRETING THE SOIL SURVEY 


CLASSIFICATION OF SOILS 


In order to interpret the soil map intelligently, the reader must understand 
something of the method of soil classification upon which the survey is based. 
Without going far into details the following paragraphs are intended to furnish 
a brief explanation of the general plan of classification used. 

The soil type is the unit of classification. Each type has definite character- 
istics upon which its separation from other types is based. These characteristics 
are inherent in the strata, or ‘‘horizons,’’ which constitute the soil profile in all 
mature soils. Among them may be mentioned color, structure, texture, and 
chemical composition. Other items, such as native vegetation (whether timber 
or prairie), topography, and geological origin and formation, may assist in the 
differentiation of types, altho they are not fundamental to it. 

Since some of the terms used in designating the factors which are taken into 
account in establishing soil types are technical in nature, the following definitions 
are introduced : 


Horizon. A layer or stratum of soil which differs discernibly from those adjacent in 
color, texture, structure, chemical composition, or a combination of these characteristics, is 
called an horizon. In describing a matured soil, three horizons designated as A, B, and C 
are usually considered, 

A designates the upper horizon and, as developed under the conditions of a humid, 
temperate climate, represents the layer of extraction or eluviation; that is to say, material in 
solution or in suspension has passed out of this zone thru the processes of weathering. 

B represents the layer of concentration or illuviation; that is, the layer developed as a 
result of the accumulation of material thru the downward movement of water from the A 
horizon, 

C designates the layer lying below the B horizon and in which the material has been less 
affected by the weathering processes. 

Frequently differences within a stratum or zone are discernible, in which case it is sub- 
divided and described under such designations as 4, and A,, B, and B,. 

Soil Profile. The soil section as a whole is spoken of as the soil profile. 


Depth and Thickness. The horizons or layers which make up the soil profile vary in 
depth and thickness. These variations are distinguishing features in the separation of soils 
into types. 

Physical Composition. The physical composition, sometimes referred to as ‘‘texture,’’ 
is a most important feature in characterizing a soil. The texture depends upon the relative 
proportions of the following physical constituents: clay, silt, fine sand, sand, gravel, stones, 
and organic material. 

Structure. The term ‘‘structure’’ has reference to the aggregation of particles within 
the soil mass and carries such qualifying terms as open, granular, compact, columnar, 
laminated. 

Organic-Matter Content. The organic matter of soil is derived largely from plant tissue 
and it exists in a more or less advanced stage of decomposition. Organic matter forms the 
predominating constituent in certain soils of swampy formation. 

Color. Color is determined to a large extent by the proportion of organic matter, but 
at the same time it is modified by the mineral constituents, especially by iron compounds. 

Reaction. The term ‘‘reaction’’ refers to the chemical state of the soil with respect 
to acid or alkaline condition. It also involves the idea of degree, as strongly acid or 
strongly alkaline. 

Carbonate Content. The carbonate content has reference to the calcium carbonate 
(limestone) present, which in some cases muy be associated with magnesium or other car- 
bonates. The depth at which carbonates are found may become a very important factor 
in determining the soil type. 

Topography. Topography has reférence to the lay of the land, as level, rolling, hilly, ete. 
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Native Vegetation. The vegetation or plant growth before being disturbed by man, 
as prairie grasses and forest trees, is a feature frequently recognized in differentiating 
soil types. 


Geological Origin. Geological origin involves the idea of character of rock materials 
composing the soil as well as the method of formation of the soil material. 

Not infrequently areas are encountered in which type characters are not 
distinetly developed or in which they show considerable variation. When these 
variations are considered to have sufficient significance, type separations are made 
wherever the areas involved are sufficiently large. Because of the almost infinite 
variability occurring in soils, one of the exacting tasks of the soil surveyor is to 
determine the degree of variation which is allowable for any given type. 

Classifying Soil Types——In the system of classification used, the types fall 
first into four general groups based upon their geological relationships; namely, 
upland, terrace, swamp and bottom land, and residual. These groups may be 
subdivided into prairie soils and timber soils, altho as a matter of fact this sub- 
division is applied in the main only to the upland group. These terms are all 
explained in the foregoing part of this report in connection with the description 
of the particular soil types. 

Naming and Numbering Soil Types.—In the Illinois soil survey a system of 
nomenclature is used which is intended to make the type name convey some idea 
of the nature of the soil. Thus the name ‘‘ Yellow-Gray Silt Loam’’ earries in 
itself a more or less definite description of the type. It should not be assumed, 
however, that this system of nomenclature makes it possible to devise type names 
which are adequately descriptive, because the profile of mature soils is usually 
made up of three or more horizons and it is impossible to describe each horizon 
in the type name. The color and texture of the surface soil are usually included 
in the type name and when material such as sand, gravel, or rock lies at a depth 
of less than 30 inches, the fact is indicated by the word ‘‘On,’’ and when its 
depth exceeds 30 inches, by the word ‘‘Over’’; for example, Brown Silt Loam On 
Gravel and Brown Silt Loam Over Gravel. 

As a further step in systematizing the listing of the soils of Illinois, recog- 
nition is given to the location of the types with respect to the geological areas 
in which they occur. According to a geological survey made many years ago, 
the state has been divided into seventeen areas with respect to geological forma- 
tion and, for the purposes of the soil survey, each of these areas has been assigned 
an index number. The names of the areas together with their general location 
and their respective index numbers are given in the following list. 


000 Residwal, soils formed in place thru disintegration of rocks, and also rock outcrop 
100 Unglacvated, including three areas, the largest being in the south end of the state 
200 Illinoian moraines, including the moraines of the Illinoian glaciations 


300 Lower Illinoian glaciation, formerly considered as covering nearly the south third of the 


state 

400 Middle Illinoian glaciation, covering about a dozen counties in the west-central part of 
the state 

500 Upper Illinoian glaciation, covering about fourteen counties northwest of the middle 
Ilinoian glaciation 

600 Pre-Iowan glaciation, but now believed to be part of the upper Illinoian 

700 Iowan glaciation, lying in the central northern end of the state 

800 Deep loess areas, including a zone a few miles wide along the Wabash, linois, and 
Mississippi rivers . 

900 Early Wisconsin moraines, including the moraines of the early Wisconsin glaciation 
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1000 Late Wisconsin moraines, including the moraines of the late Wisconsin glaciation 

1100 Karly Wisconsin glaciation, covering the greater part of the northeast quarter of the 
state 

1200 Late Wisconsin glaciation, lying in the northeast corner of the state 

1300 Old rwer-bottom and swamp lands, formed by material derived from the Tllinoian or 
older glaciations 

1400 Late rwer-bottom and swamp lands, formed by material derived from the Wisconsin and 


Iowan glaciations 
1500 Terraces, bench or second bottom lands, and gravel outwash plains 
1600 Lacustrine deposits, formed by Lake Chicago, the enlarged glacial Lake Michigan 
Further information regarding these geological areas is given in connection 
with the general map mentioned above and published in Bulletin 123 (1908). 
Another set of index numbers is assigned to the classes of soils as based 
upon physical composition. The following list contains the names of these classes 
with their corresponding index numbers. 


Index Number Limits Class Names 
BUC Ber aeV aye cits Se vctisy oi NALS Glee <delsn (avails «i dusie Peats 
BI Meta Nedinras ei etal Gerais) 9. isis. isis, «cielo ise sielieias wis Peaty loams 
CSR OME acta Ses atare fel eis' 310 4, sis ios ‘oh a eSets ard ¥ pus Mucks 
Up 7D Dodo! cobtodocige COCCI Nene ccrno Clays 
PRUMMEBOME CA ooh ei scot O lies "ies sae sie! sim cogs ecsi'Vive ss Clay loams 
2S) Tidy 2hds tho Ger es eine OE CREO Oe. eee Silt loams 
BAUMANN SD tev de ashi n-ccwie ous. G's wy elsr oie sel bys ose hee Loams 
ROMER COMO letetet ar cia!oUg) 2, drake a weevils’ sue steers a's. sc e.seve's Sandy loams 
MOOS Metter una’ svatcreycindacia/e a yole o's iar Sisneyera torsion Sands 
REHOME Maa at ttiocal ster aliciiersneVoletouan ssa aie. si eaitexe iets Gravelly loams 
PASIRCIMS) (feted esi 5-5" s10¥e Ley oho ckboh fe iehinin veuty seeha sak Gravels 
PU avetetats cays ehe sehen scare) sates eya% lies Stony loams 
Do eatemervonas are eater aie woe ekere\ereic s) clehsie ivi Rock outcrop 


As a convenient means of designating types and their location with respect 
to the geological areas of the state, each type is given a number made up of a 
combination of the index numbers explained above. This number indicates the 
type and the geological area in which it occurs. The geological area is always 
indicated by the digits of the order of hundreds while the remainder of the 
number designates the type. To illustrate: the number 1126 means Brown Silt 
Loam in the early Wisconsin glaciation, 434 means Yellow-Gray Silt Loam of the 
middle Illinoian glaciation. These numbers are especially useful in designating 
very small areas on the map and as a check in reading the colors. 

A complete list of the soil types occurring in each county, along with their 
corresponding type numbers and the area covered by each type, will be found 
in the respective county soil reports in connection with the maps. 


SOIL SURVEY METHODS 


Mapping of Soil Types——tIn conducting the soil survey, the county consti- 
tutes the unit of working area. The field work is done by parties of two to four 
men each. The field season extends from early in April to the last of November. 
During the winter months the men are engaged in preparing a copy of the soil 
map to be sent to the lithographer, a copy for the use of the county farm adviser 
until the printed map is available, and a third copy for use in the office in order 
to preserve the original official map in good condition. 

An accurate base map for field use is necessary for soil mapping. These 
maps are prepared on a scale of one inch to the mile, the official data of the 
original or subsequent land survey being used as the basis in their construction, 
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Each surveyor is provided with one of these base 
maps, which he carries with him in the field; and 
the soil type boundaries, together with the streams, 
roads, railroads, canals, town sites, and rock and 
eravel quarries are placed in their proper location 
upon the map while the mapper is on the area. 
With the rapid development in road improvement 
during the past few years, it is almost inevitable 
that some recently established roads will not ap- 
pear on the published soil map. Similarly, changes 
in other artificial features will occasionally occur 
in the interim between the preparation of the map 
and its publication. The detail or minimum size 
of areas which are shown on the map varies some- 
what, but in general a soil type if less than five 
acres in extent is not shown. 


Sampling for Analysis—After all the soil 
types of a county have been located and mapped, 
samples representative of the different types are 
collected for chemical analysis. The samples for 
this purpose are usually taken in three depths; 
namely, 0 to 624 inches, 624 to 20 inches, and 20 
to 40 inches, as explained in connection with the 
discussion of the analytical data on page 6. 


PRINCIPLES OF SOIL FERTILITY 


Probably no agricultural fact is more gener- 
ally known by farmers and landowners than that 
soils differ in productive power. A fact of equal 
importance, not so generally recognized, is that 
they also differ in other characteristics such as response to fertilizer treatment 
and to management. 

The soil is a dynamic, ever-changing, exceedingly complex substance made 
up of organic and inorganic materials and teeming with life in the form of 
microorganisms. Because of these characteristics, the soil cannot be considered 
as a reservoir into which a given quantity of an element or elements of plant 
food can be poured with the assurance that it will respond with a given increase 
in crop yield. Ina similar manner it cannot be expected to respond with perfect 
uniformity to a given set of management standards. To be productive a soil 
must be in such condition physically with respect to structure and moisture as 
to encourage root development; and in such condition chemically that injurious 
substances are not present in harmful amounts, that a sufficient supply of the 
elements of plant food become available or usable during the growing season, 
and that lime materials are present in sufficient abundance favorable for the 


Fig. 5.—EXAMINING THE Som 
PROFILE 


growth of the higher plants and of the beneficial microorganisms. Good soil 
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management under humid conditions involves the adoption of those tillage, crop- 
ping, and fertilizer treatment methods which will result in profitable and per- 
manent crop production on the soil type concerned. 

The following paragraphs are intended to state in a brief way some of the 
principles of soil management and treatment which are fundamental to profitable 
and continued productivity. ’ 


CROP REQUIREMENTS WITH RESPECT TO PLANT-FOOD MATERIALS 

At least ten of the chemical elements are known to be essential for the growth 
of the higher plants. These are carbon, hydrogen, oxygen, mtrogen, phosphorus, 
sulfur, potassium, calcium, magnesium, and iron. Other elements are absorbed 


Fic. 6.—ALL ESSENTIAL PLANT-FooD ELEMENTS Must BE PRESENT 

The jars in which these corn plants are growing contain pure sand to 
which haye been added various combinations of the essential plant-food 
elements. If a single one of these elements is omitted, the plants cannot de- 
velop; they die after the small supply stored in the seed becomes exhausted. 


from the soil by growing plants, including manganese, silicon, sodium, aluminum, 
chlorin, and boron. It is probable that these latter elements are present in 
plants for the most part, not because they are required, but because they are 
dissolved in the soil water and the plant has no means of preventing their 
entrance. There is some evidence, however, which indicates that certain of these 
elements, notably manganese, silicon, and boron, may be either essential but 
required in only minute quantities, or very beneficial to plant growth under 
certain conditions, even tho not essential. Thus, for example, manganese has 
produced marked increases in crop yields on heavily limed soils. Sodium also 
has been found capable of partially replacing potassium in case of a shortage 
of the latter element. 

Table 5 shows the requirements of some of our most common field crops with 
respect to seven important plant-food elements furnished by the soil. The 
figures show the weight in pounds of the various elements contained in a bushel 
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TaBLE 5.—PLANT-Foop ELEMENTS IN CoMMON Farm Crops! 


Produce i 
= tay Phos- . Potas- agne- : 
Nitrogen phorus Sulfur aie ania Calcium} Iron 
Kind Amount | 

lbs. lbs. lbs. lbs. lbs. lbs. lbs. 
Wheat, grain...... 1 bu. 1.42 .24 10 .26 .08 .02 .O1 
Wheat straw...... 1 ton 10.00 1.60 2.80 18.00 1.60 3.80 .60 
@orn, grain... es 1 bu. 1.00 Bled .08 .19 .07 .O1 .O1 
Corn stover.......| 1 ton 16.00 2.00 2.42 17.33 3.00 7.00 1.60 
(Corn CODS:..cn 2.) ab eon! 4°00) ih ea es Rens 4.00 | .2:3o eT cea 
Oats; prams... so.) L-DUs . 66 ma .06 216 . 04 .02 .01 
Ostistrawh accu. «. 1 ton 12.40 2.00 4.14 | 20.80 2.80 6.00 Le 12 
Clover seed. ...... bu. 1.75 200! eee 15 e453 allies |) See 
Clover hay........| 1 ton 40.00 5.00 3.28 30.00 7.75 | 29.25 1.00 
Soybean seed......| 1 bu. a.22 .39 PA 1.26 mS A.) er 
Soybean hay...... 1 ton 43.40 4.74 5.18 | 35.48) T3cSCs 2 yepomie nce 
Alfalfa hay........ 1 ton 52.08 4.76 5.96 16.64 8.00: |Re2Z2e20alte ... coe 


'These data are brought together from various sources. Some allowance must be made for 
the exactness of the figures because samples representing the same kind of crop or the same kind 
of material frequently exhibit considerable variation. 


or in a ton, as the case may be. From these data the amount of an element re- 
moved from an acre of land by a crop of a given yield can easily be computed. 


PLANT-FOOD SUPPLY 


Of the elements of plant food, three (carbon, oxygen, and hydrogen) are 
secured from air and water, and the others from the soil. Nitrogen, one of the 
elements obtained from the soil by all plants, may also be secured from the air 
by the class of plants known as legumes, in case the amount liberated from the 
soil is insufficient; but even these plants are dependent upon the soil for the 
other elements, and they also utilize the soil nitrogen so far as it becomes soluble 
and available during their period of growth. 

The vast difference with respect to the supply of these essential plant-food 
elements in different soils is well brought out in the data of the Illinois soil 
survey. For example, it has been found that the nitrogen in the surface 6% 
inches, which represents the plowed stratum, varies in amount from 180 pounds 
per acre to more than 35,000 pounds. In like manner the phosphorus content 
varies from about 320 to 4,900 pounds, and the potassium ranges from 1,530 to 
about 58,000 pounds. Similar variations are found in all of the other essential 
plant-food elements of the soil. 

With these facts in mind it is easy to understand how a deficieney of one 
of these elements of plant food may become a limiting factor of crop production. 
When an element becomes so reduced in quantity as to become a limiting factor 
of production, then we must look for some outside source of supply. Table 6 
is presented for the purpose of furnishing information regarding the quantity 
of some of the more important plant-food elements contained in materials most 
commonly used as sources of supply. ‘ 
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TABLE 6.—PLANT-Foop ELEMENTS IN MANuRE, RovuGH Freps, AND FERTILIZERS! 


Pounds of plant food per ton 
of material 


Material -- 
Nitrogen Phosphorus Potassium 
CSM ATT ATIUTOM Rests, ciate bldg dW below a eletiiaiols 10 2 8 
(CoremBLOVEUM Rc, < pices hoaisclaceeeceunes 16 2 17 
COSISLEM WitPPPTEM Oss aietele he otis aidbjs odids caidis 12 2 21 
WV AROE SES ULE MRE. ccs clea ve ale ends sae 10 2 18 
CAG Tera ay ey eee ire 5 e's iwleisfdye diols leivla'aqeee 40 5 30 
CORSE TE soe dik SI Cen ROI Ee eee 43 5 ae 
LTR ESD, UNC es a Ge a 50 4 24 
Sweet clover (water-free basis)?.............+.5 80 8 28 
PDI OIOGU RMR Ie eases adhe es lee el ZOD MITT DENTE SCE? 2PUIMTY praet 
SOCEM BTA IPRS ENE sass fetceroraye)'s son) udoorrunoyesarergn'e 3K 0 ean | ae Somes mem F pla ae 
ATO MIMERERIITAGON Qe aca nce da ce eee ane cans AO ibe Nee, ts ces a as le, ene 
IRtioy los Teens. 0) 80 TSOR ele ees 
DEOMIMCUMOONE MMOD et js uis cic. clevaentnerecess 20 O50) ole ie cee 
Hiammgnockmmospiuate. e014. Dis ial ale gbla dll lathes 25Q0Y st > Kah Wve 
INGE: (CUYOR OIC), 9) AE 6 eA | 1250) | ae eee 
PGTASMinamermOrlmmepier is Wi. tiles <etiid sie dorelacretebady) uh. bateay Php) ie gee 850 
TES Le oun ahs SEUULBEY AES, 2 apni eR Uae nS 850 
TRTNIOTE.. ngs ode sae ad Sree De Cea Ee CIR id | ns 200 
NWVGOdiaSheseUMIGACHE) ic. «ds cece aes eeep le ose dele 10 100 


1See footnote to Table 5. 
*Young second-year growth ready to plow under as green manure. 
3Wood ashes also contain about 1,000 pounds of lime (calcium carbonate) per ton. 


LIBERATION OF PLANT FOOD 


The chemical analysis of the soil gives the invoice of plant-food elements 
actually present in the soil strata sampled and analyzed, but the rate of libera- 
tion is governed by many factors, some of which may be controlled by the farmer, 
while others are largely beyond his control. Chief among the important con- 
trollable factors which influence the liberation of plant food are the choice of 
crops to be grown, the use of limestone, and the incorporation of organic matter. 
Tillage, especially plowing, also has a considerable effect in this connection. 

Feeding Power of Plants.—Different species of plants exhibit a very great 
diversity in their ability to obtain plant food directly from the insoluble minerals 
of the soil. As a class, the legumes—especially such biennial and perennial 
legumes as red clover, sweet clover, and alfalfa—are endowed with unusual 
power to assimilate from mineral sources such elements as calcium and phos- 
phorus, converting them into available forms for the crops that follow. For this 
reason it is especially advantageous to employ such legumes in connection with 
the application of limestone and rock phosphate. Thru their growth and subse- 
quent decay large quantities of the mineral elements are liberated for the benefit 
of the cereal crops which follow in the rotation. Moreover, as an effect of the 
deep-rooting habit of these legumes, mineral plant-food elements are brought up 

_and rendered available from the vast reservoirs of the lower subsoil. 


Effect of Limestone.—Limestone corrects the acidity of the soil and supplies 
calcium, thus encouraging the development not only of the nitrogen-gathering 
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bacteria which live in the nodules on the roots of clover, cowpeas, and other 
legumes, but also the nitrifying bacteria, which have power to transform the 
unavailable organic nitrogen into available nitrate nitrogen. At the same time, 
the products of this decomposition have power to dissolve minerals contained in 
the soil, such as potassium and magnesium compounds. 

Organic Matter and Biological Action—Organic matter may be supplied 
thru animal manures, consisting of the excreta of animals and usually accom- 
panied by more or less stable litter; and by plant manures, including green- 
manure crops and cover crops plowed under, and also crop residues such as stalks, 
straw, and chaff. The rate of decay of organic matter depends largely upon its 
age, condition, and origin, and it may be hastened by tillage. The chemical 
analysis shows correctly the total organic carbon, which constitutes, as a rule, 
but little more than half the organic matter; so that 20,000 pounds of organic 
carbon in the plowed soil of an acre corresponds to nearly 20 tons of organic 
matter. But this organie matter consists largely of the old organic residues that 
have accumulated during the past centuries because they were resistant to decay, 
and 2 tons of clover or cowpeas plowed under may have greater power to liberate 
plant-food materials than 20\tons of old, inactive organic matter. The history of 
the individual farm or field must be depended upon for information coneerning 
recent additions of active organic matter, whether in applications of farm manure, 
in legume erops, or in sods of old pastures. 

The condition of the organic matter of the soil is indicated to some extent 
by the ratio of carbon to nitrogen. Fresh organic matter recently incorporated 
with the soil contains a very much higher proportion of carbon to nitrogen than 
do the old resistant organic residues of the soil. The proportion of earbon to 
nitrogen is higher in the surface soil than in the corresponding subsoil, and in 
general this ratio is wider in highly productive soils well charged with active 
organic matter than in very old, worn soils badly in need of active organic matter. 

The organic matter furnishes food for bacteria, and as it decays certain 
decomposition products are formed, including much carbonic acid, some nitrous 
acid, and various organic acids, and these acting upon the soil have the power to 
dissolve the essential mineral plant foods, thus furnishing available phosphates, 
nitrates, and other salts of potassium, magnesium, calcium, ete., for the use of 
the growing crop. 

Effect of Tillage.—Tillage, or cultivation, also hastens the liberation of plant- 
food elements by permitting the air to enter the soil. It should be remembered, 
however, that tillage is wholly destructive, in that it adds nothing whatever to 
the soil, but always leaves it poorer, so far as plant-food materials are concerned. 
Tillage should be practiced so far as is necessary to prepare a suitable seed bed 
for root development and also for the purpose of killing weeds, but more than 
this is unnecessary and unprofitable; and it is much.better actually to enrich 
the soil by proper applications of limestone, organic matter, and other fertilizing 
materials, and thus promote soil conditions favorable for vigorous plant, growth, 


than to depend upon excessive cultivation to accomplish the same object at the 
expense of the soil. 


Re 
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PERMANENT SOIL IMPROVEMENT 


According to the kind of soil involved, any comprehensive plan contemplat- 
ing a permanent system of agriculture will need to take into account some of the 
following considerations. 


The Application of Limestone 


The Function of Limestone—tIn considering the application of limestone 
to land it should be understood that this material functions in several different 
ways, and that a beneficial result may therefore be attributable to quite diverse 
causes. Limestone provides calcium, of which certain crops are strong feeders. 
It corrects acidity of the soil, thus making for some crops a much more favorable 
environment as well as establishing conditions absolutely required for some of 
the beneficial legume bacteria. It accelerates nitrification and nitrogen fixation. 
It promotes sanitation of the soil by inhibiting the growth of certain fungous 
diseases, such as corn-root rot. Experience indicates that it modifies either 
directly or indirectly the physical structure of fine-textured soils, frequently to 
their great improvement. Thus, working in one or more of these different ways, 
limestone often becomes the key to the improvement of worn lands. 

How to Ascertain the Need for Limestone.—-One of the most reliable indica- 
tions as to whether a soil needs limestone is the character of the growth of certain 
legumes, particularly sweet clover and alfalfa. These crops do not thrive in 
acid soils. Their successful growth, therefore, indicates the lack of sufficient 
acidity in the soil to be harmful. In case of their failure to grow the soil should 
be tested for acidity as described below. A very valuable test for ascertaining 
the need of a soil for limestone is found in the potassium thiocyanate test for soil 
acidity. It is desirable to make the test for carbonates along with the acidity 
test. Limestone is calcium carbonate, while dolomite is the combined carbonates 
of calcium and magnesium. The natural occurrence of these carbonates in the 
soil is sufficient assurance that no limestone is needed, and the acidity test will 
be negative. On lands which have been treated with limestone, however, the 
surface soil may give a positive test for carbonates, owing to the presence of 
undecomposed pieces of limestone, and at the same time a positive test for acidity 
may be secured. Such a result means either that insufficient limestone has been 
added to neutralize the acidity, or that it has not been in the soil long enough 
to entirely correct the acidity. In making these tests, it 1s desirable to examine 
samples of soil from different depths, since carbonates may be present, even in 
abundance, below a surface stratum that is acid. Following are the directions 
for making the tests: 


The Potassium Thiocyanate Test for Acidity. This test is made with a 4-percent solu- 
tion of potassium thiocyanate in aleohol—4 grams of potassium thiocyanate in 100 cubic 
centimeters of 95-percent alcohol.t When a small quantity of soil shaken up in a test tube 
with this solution gives a red color the soil is acid and limestone should be applied. If the 
solution remains colorless the soil is not acid. An excess of water interferes with the reac- 
tion. The sample when tested, therefore, should be at least as dry as when the soil is in 


1Since undenatured alcohol is difficult to obtain, some of the denatured alcohols have 
been tested for making this solution. Completely denatured alcohol made over U. S. 
Formulas No. 1 and No. 4, have been found satisfactory. Some commercial firms are also 
offering other preparations which are satisfactory. 
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good tillable condition. For a prompt reaction the temperature of the soil and solution 
should be not lower than that of comfortable working conditions (60° to 75° Fahrenheit). 


The Hydrochloric Acid Test for Carbonates. Take a small representative sample of 
soil and pour upon it a few drops of hydrochloric (muriatic) acid, prepared by diluting the 
concentrated acid with an equal volume of water. The presence of limestone or some other 
carbonates will be shown by the appearance of gas bubbles within 2 or 3 minutes, producing 
foaming or effervescence. The absence of carbonates in a soil is not in itself evidence that 
the soil is acid or that limestone should be applied, but it indicates that the confirmatory 
potassium thiocyanate test should be carried out. 

Amounts to Apply—Acid soils should be treated with limestone whenever 
such application is at all practicable. The initial application varies with the 
degree of acidity and will usually range from 2 to 6 tons an acre. The larger 
amounts will be needed on strongly acid soils, particularly on land being pre- 
pared for alfalfa, When sufficient limestone has been used to establish condi- 
tions favorable to the growth of legumes, no further applications are necessary 
until the acidity again develops to such an extent as to interfere with the best 
growth of these crops. This will ordinarily be at intervals of several years. In 
the case of an inadequate supply of magnesium in the soil, the occasional use of 
magnesian (dolomitic) limestone would serve to correct this deficiency. Other- 
wise, so far as present knowledge indicates, either form of limestone—high- 
calcium or magnesian—will be equally effective, depending upon the purity and 
fineness of the respective stones. 

Fineness of Material.—The fineness to which limestone is ground is an im- 
portant consideration in its use for soil improvement. Experiments indicate that 
a considerable range in this regard is permissible. Very fine grinding insures 
ready solubility, and thus promptness in action; but the finer the grinding the 
greater is the expense involved. A grinding, therefore, that furnishes not too 
large a proportion of coarser particles along with the finer, similar to that of the 
by-product material on the market, is to be recommended. Altho the exact pro- 
portions of coarse and fine material cannot be prescribed, it may be said that a 
limestone crushed so that the coarsest fragments will pass thru a screen of 4 to 10 
meshes to the inch is satisfactory if the total product is used. 


The Nitrogen Problem 


The nitrogen problem is one of foremost importance in American agricul- 
ture. There are four reasons for this: nitrogen is becoming increasingly deficient 
in most soils; its cost when purchased on the open market is often prohibitive ; 
it is removed from the soil in large amounts by crops; and it is readily lost from 
soils by leaching. A 50-bushel crop of corn requires about 75 pounds of nitrogen 
for its growth; and the loss of nitrogen from soils by leaching may vary from 
a few pounds to over one hundred pounds an acre in a year, depending upon the 
treatment of the soil, the distribution of rainfall, and the protection afforded by 
growing crops. . 

An inexhaustible supply of nitrogen is present in the air. Above each acre 
of the earth’s surface there are about 69 million pounds of atmogpherie nitrogen. 
Leguminous plants such as clover are able, with the aid of certain bacteria, to 
draw upon the inexhaustible supply of air nitrogen, utilizing it in their food 
requirements. In so doing these leguminous plants, thru the decay of their own 
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BAcTERIAN. 4 
and 


# Al but ' : 
Fic. 7.—LEGUMES CAN OBTAIN THEIR NITROGEN FROM THE AIR 


The photograph tells the story of how clover benefits the soil. In the pot 
at the left all the essential plant-food elements, including nitrogen, are supplied. 
In the middle jar all the elements, with the single exception of nitrogen, are 
present. At the right nitrogen is likewise withheld but the proper bacteria are 
supplied which enable the clover to secure nitrogen from the air. 


tissues, add to the soil nitrogen that has been taken from the air and transformed 
into food material that ean be assimilated by other kinds of crops that follow. 

There are two methods of collecting the inert nitrogen gas of the air and 
combining it into compounds that will furnish products for plant growth. These 
are the chemical and the biological fixation of the atmospheric nitrogen. Farmers 
have at their command one of these methods. By growing inoculated legumes, 
nitrogen may be obtained from the air, and by plowing under more than the roots 
of these legumes, nitrogen may be added to the soil. 

Inasmuch as legumes are worth growing for purposes other than the fixation 
of atmospheric nitrogen, a considerable portion of the nitrogen thus gained may 
be considered a by-product. Because of that fact, it is questionable whether the 
chemical fixation of nitrogen will ever be able to replace the simple method of 
obtaining atmospheric nitrogen by growing inoculated legumes in the production 
of our great grain and forage crops. 

It may well be kept in mind that the following amounts of nitrogen are re- 
quired for the produce named. 
bushel of oats (grain and straw) requires 1 pound of nitrogen. 
bushel of corn (grain and stalks) requires 11% pounds of nitrogen. 
bushel of wheat (grain and straw) requires 2 pounds of nitrogen. 
ton of timothy contains 24 pounds of nitrogen. 
ton of clover contains 40 pounds of nitrogen. 
ton of cowpea hay contains 43 pounds of nitrogen, 
ton of alfalfa contains 50 pounds of nitrogen. 
ton of average manure contains 10 pounds of nitrogen. 


ton of young sweet clover, at about the stage of growth when it is plowed under as 
green manure, contains, on water-free basis, 80 pounds of nitrogen. 


PRE ee eee 


The roots of clover contain about half as much nitrogen as the tops, and the 
roots of cowpeas contain about one-tenth as much as the tops. Soils of mod- 
erate productive power will furnish as much nitrogen to clover (and two or three 
times as much to cowpeas) as will be left in the roots and stubble. In grain crops, 
such as wheat, corn, and oats, about two-thirds of the nitrogen is contained in the 
grain and one-third in the straw or stalks. 
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The Phosphorus Problem 


The element phosphorus is an indispensable constituent of every living cell. 
It is intimately connected with the life processes of both plants and animals, the 
nuclear material of the cells being especially rich in this element. | 

Different soil types display great variation in phosphorus content. In Illi- 
nois soils a range from 320 to 4,900 pounds an acre has been found in the sur- 
face 624 inches, depending mainly on the origin of the soil. 

The removal of phosphorus by continuous cropping slowly reduces the 
amount of this element available for crop use unless its addition is provided for 
by natural means such as overflow, or by agricultural practices such as the addi- 
tion of phosphatic fertilizers and the use of rotations in which deep-rooting 
leguminous crops are frequently grown. 

It should be borne in mind in connection with the application of phosphate, 
or of any other fertilizing material, to the soil, that no benefit can result until 
the need for it has become a limiting factor in plant growth. For example, if 
there is already present in the soil sufficient available phosphorus to produce a 
forty-bushel crop, and the nitrogen supply or the moisture supply is sufficient 
for only forty bushels, or less, then extra phosphorus added to the soil cannot 
increase the yield beyond this forty-bushel limit. 

There are several different phosphorus-containing materials that are used 
as fertilizers. The more important of these are rock phosphate, superphosphate, 
bone meal, and basie slag. 


Rock Phosphate.—Rock phosphate is a mineral substance found in vast de- 
posits in certain regions. A good grade of the rock should contain 12 to 15 per- 
cent of the phosphorus element. The rock should be ground to a powder fine 
enough to pass thru a 100-mesh sieve, or even finer. 


Superphosphate-——Superphosphate is produced by treating rock phosphate 
with sulfurie acid. The two are mixed in about equal amounts; the product 
therefore contains about one-half as much phosphorus as the rock phosphate 
itself. By further processing, different concentrations are produced. The most 
common grades of superphosphate now on the market contain respectively 7, 834, 
and 1014 percent of the element phosphorus, and even more highly concentrated 
products containing as high as 21 percent are to be had. In fertilizer literature 
the term phosphorus is usually expressed as ‘‘phosphorie acid’’ (P,0,) rather 
than the element phosphorus (P), and the chemical relation between the two is 
such as to make the above figures correspond respectively to 16, 20, 24, and 48 
percent of phosphoric acid. Besides phosphorus, superphosphate also contains 
sulfur, which is likewise an element of plant food. In general, phosphorus in 
superphosphate is considered to be more readily available for absorption by plants 
than that of raw rock phosphate. 


Bone Meal.—Prepared from the bones of animals, bone meal appears on the 
market in two different forms, raw and steamed. Raw bone meal contains, be- 
sides the phosphorus, a considerable percentage of nitrogen. If the material is 
purchased only for the sake of the phosphorus, the cost of the nitrogen repre- 
sents a useless expense. Steamed bone meal is prepared by extracting most of 
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the nitrogenous and fatty matter from the bones, thus producing a more nearly 
pure form of calcium phosphate, containing about 10 to 12 percent of the element 
phosphorus and about 1 percent of the element nitrogen. 


Basic Slag.—Basic slag, known also as Thomas phosphate, is another carrier 
of phosphorus that might be mentioned because of its considerable usage in 
Europe and eastern United States. Basie slag is a by-product in the manufac- 
ture of steel. It contains a considerable proportion of basic material and there- 
fore tends to influence the soil reaction in the direction of reducing soil acidity. 


Comparative Value of Different Forms of Phosphorus.—Obviously the ear- 
rier of phosphorus that gives the most economical returns, considered from all 
standpoints, is the best one to use. Altho this matter has been the subject of 
much discussion and investigation, the question remains unsettled. The fact 
probably is that there is no single carrier that will prove the most economical 
under all’ circumstances because so much depends upon soil conditions, crops 
grown, length of haul, and market conditions. 

The relative cheapness of raw rock phosphate as compared with the treated 
material, superphosphate, makes it possible to apply for equal money expendi- 
ture considerably more phosphorus per acre in the form of rock than in the form 
of superphosphate, the ratio being, under present market conditions, roughly 
speaking 314 to 1; that is to say, a dollar will purchase about three and a half 
times as much of the phosphorus element in the form of rock phosphate as in 
the form of superphosphate, and this is an important consideration if one is 
interested in building up a phosphorus reserve in the soil. 

Rock phosphate may be applied at any time during a rotation, but it is 
applied to the best advantage either preceding a crop of clover, which plant 
seems to possess an unusual power for assimilating the phosphorus from raw 
phosphate, or else at a time when it can be plowed under with some form of 
organic matter such as animal manure or green manure, the decay of which 
serves to liberate the phosphorus from its insoluble condition in the rock. It is 
important that the finely ground rock phosphate be intimately mixed with the 
organic material as it is plowed under. 

In using superphosphate or bone meal in a cropping system which includes 
wheat, it is a common practice to apply the material in the preparation of the 
wheat ground. It may be advantageous, however, to divide the total amount 
to be used and apply a portion to the other crops of the rotation, particularly 
to corn and to clover. 


The Potassium Problem 


Our most common soils, the silt loams and clay loams, are well stocked with 
potassium, altho it exists mainly in a very slowly soluble form. Many field ex- 
periments in various sections of Illinois during the past twenty-five years have 
shown little or no response to the application of potassium in the production of 
our common grain and hay crops. On the light-colored soils of southern Illinois, 
however, where stable manure has not been employed, potassium has been applied, 
with profit, the benefit appearing mainly in the corn crop. 
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Peat soils are usually low in potassium content. It has frequently been 
demonstrated in field experiments located on peat land that the difference be- 
tween success and failure in raising crops depends upon the application of a 
potash fertilizer. 

Potassium has proved beneficial also on the so-called ‘‘alkali’’ spots occur- 
ring on certain soil types that are rather high in organic matter, including peat 
and very dark-colored sandy, silt, and clay loams. The potassium salts in this 
case appear to exert a corrective influence over what seems to be an unbalanced 
plant-food condition caused by an excess of nitrate in the soil. 


Potassium fertilizer may be procured in the form of one of its salts, such as 
chlorid, sulfate, or carbonate of potassium, and any of these materials may be 
applied, where needed, at the rate of 50 to 150 pounds an acre, according to the 
method of distribution. For our most common crops about the only basis for 
choosing among these forms is the matter of price, taking into consideration the 
potassium content. Kainit is another substance containing potassium, but it is 
combined with magnesium in the form of a double salt. It is therefore less con- 
centrated than the salts mentioned, and so should be applied in larger quantities. 
An application of about 200 pounds or more of kainit to the acre is suggested. 


The Calcium and Magnesium Problem 


When measured by crop removals of the plant-food elements, calcium is 
often more limited in Illinois soils than is potassium, while magnesium may be 
occasionally. In the case of calcium, however, the deficiency is likely to develop 
more rapidly and become much more marked because this element is leached 
out of the soil in drainage water to a far greater extent than is either magnesium 
or potassium. 


The annual loss of limestone from the soil depends upon a number of factors 
aside from those which have to do with climatic conditions. Among these factors 
may be mentioned the character of the soil, the kind of limestone, its condition of 
fineness, the amount present, and the sort of farming practiced. Because of this 
variation in the loss of lime materials from the soil, it is impossible to prescribe a 
fixed practice in their renewal that will apply universally. The tests for acidity 
and carbonates described above, together with the behavior of such lime-loving 
legumes as alfalfa and sweet clover, will serve as general indicators for the fre- 
quency of applying limestone and the amount to use on a given field. 


Limestone has a direct value on some soils for the plant food which it 
supplies, in addition to its value in correcting soil acidity and in improving the 
physical condition of the soil. Ordinary limestone (abundant in the southern 
and western parts of Illinois) contains nearly 800 pounds of calcium per ton; 
while a good grade of dolomitic limestone (the more common limestone of north- 
ern Illinois) contains about 400 pounds of calcium and 300 pounds of magnesium 
per ton. Both of these elements are furnished in readily available form in 
ground dolomitic limestone. 
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The Sulfur Question 


In considering the relation of sulfur in a permanent system of soil fertility 
it is important to understand something of the cycle of transformations that this 
element undergoes in nature. Briefly stated this is as follows: 

Sulfur exists in the soil in both organic and inorganic forms, the former 
being gradually converted to the latter form thru bacterial action. In this 
inorganic form sulfur is taken up by plants which in their physiological processes 
change it once more into an organic form as a constituent of protein. When 
these plant proteins are consumed by animals, the sulfur becomes a part of the 
animal protein. When these plant and animal proteins are decomposed, either 
thru bacterial action, or thru combustion, as in the burning of coal, the sulfur 
passes into the atmosphere or into the soil solution in the form of sulfur dioxid 
gas. This gas unites with oxygen and water to form sulfuric acid, which is 
readily washed back into the soil by the rain, thus completing the cycle, from 
soil—to plants and animals—to air—to soil. 

In this way sulfur becomes largely a self-renewing element of the soil, altho 

_there is a considerable loss from the soil by leaching. Observations taken at the 
Illinois Agricultural Experiment Station show that 40 pounds of sulfur per acre 
are brought into the soil thru the annual rainfall. With a fair stock of sulfur, 
such as exists in our common types of soil, and with an annual return, which of 
itself would more than suffice for the needs of maximum crops, the maintenance 
of an adequate sulfur supply presents little reason at present for serious concern. 
There are regions, however, where the natural stock of sulfur in the soil is not 
nearly so high and where the amount returned thru rainfall is small. Under such 
circumstances sulfur soon becomes a limiting element of crop production, and it 
will be necessary sooner or later to introduce this substance from some outside 
source. Investigation is now under way to determine to what extent this situation 
may apply under Illinois conditions. 


Physical Improvement of Soils 


In the management of most soil types, one very important matter, aside from 
proper fertilization, tillage, and drainage, is to keep the soil in good physical 
condition, or good tilth. The constituent most important for this purpose is 
organic matter. Organic matter in producing good tilth helps to control washing 
of soil on rolling land, raises the temperature of drained soil, increases the 
moisture-holding capacity of the soil, slightly retards capillary rise and conse- 
quently loss of moisture by surface evaporation, and aos to overcome the 
tendency of some soils to run together badly. 

The physical effect of organic matter is to produce a granulation or mellow- 
ness, by cementing the fine soil particles into crumbs or grains about as large as 
grains of sand, which produces a condition very favorable for tillage, percolation 
of rainfall, and the development of plant roots. 

Organic matter is undergoing destruction during a large part of the year 
and the nitrates produced in its decomposition are used for plant growth. Altho 
this decomposition is necessary, it nevertheless reduces the amount of organic 
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matter, and provision must therefore be made for maintaining the supply. The 
practical way to do this is to turn under the farm manure, straw, cornstalks, 
weeds, and all or part of the legumes produced on the farm. The amount of 
legumes needed depends upon the character of the soil. There are farms, espe- 
cially grain farms, in nearly every community where all legumes could be turned 
under for several years to good advantage. 

Manure should be spread upon the land as soon as possible after it is pro- 
duced for if it is allowed to lie in the barnyard several months as is so often the 
case, from one-third to two-thirds of the organic matter will be lost. 

Straw and cornstalks should be turned under, and not burned. There is 
considerable evidence indicating that on some soils undecomposed straw applied 
in excessive amount may be detrimental. Probably the best practice is to apply 
the straw as a constituent of well-rotted stable manure. Perhaps no form of 
organic matter acts more beneficially in producing good tilth than cornstalks. It 
is true, they decay rather slowly, but it is also true that their durability in the 
soil is exactly what is needed in the production of good tilth. Furthermore, the 
nitrogen in a ton of cornstalks is one and one-half times that of a ton of manure, 
and a ton of dry cornstalks incorporated in the soil will ultimately furnish as 
much humus as four tons of average farm manure. When burned, however, both 
the humus-making material and the nitrogen are lost to the soil. 

It is a common practice in the corn belt to pasture the cornstalks during 
the winter and often rather late in the spring after the frost is out of the ground. 
This trampling by stock sometimes puts the soil in bad condition for working. 
It becomes partially puddled and will be cloddy as a result. If trampled too late 
in the spring, the natural agencies of freezing and thawing and wetting and 
drying, with the aid of ordinary tillage, fail to produce good tilth before the 
corn is planted. Whether the crop be corn or oats, it necessarily suffers and if 
the season is dry, much damage may be done. If the field is put in corn, a poor 
stand is likely to result, and if put in oats, the soil is so compact as to be un- 
favorable for their growth. Sometimes the soil is worked when too wet. This 
also produces a partial puddling which is unfavorable to physical, chemical, and 
biological processes. The effect becomes worse if cropping has reduced the 
organic matter below the amount necessary to maintain good tilth. 


Systems of Crop Rotations 


In a program of permanent soil improvement one should adopt at the outset 
a good rotation of crops, including, for the reasons discussed above, a liberal 
use of legumes. No one can say in advance for every particular case what will 
prove to be the best rotation of crops, because of variation in farms and farmers 
and in prices of produce. As a general principle the shorter rotations, with the 
frequent introduction of leguminous crops, are the best adapted for building up 
poor soils. 

Following are a few suggested rotations which may serve as models or out- 
lines to be modified according to special circumstances. 
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Six-Year Rotations 


First year —Corn 

Second year —Corn 

Third year Wheat or oats (with clover) 
Fourth year —Clover 

Fifth year —Wheat (with clover) 

Siath year —Clover, or clover and grass 


In grain farming, with small grain grown the third and fifth years, most 
of the unsalable products should be returned to the soil, and the clover may be 
clipped and left on the land or returned after threshing out the seed; or, in 
livestock farming, the field may be used three years for timothy and clover 
pasture and meadow if desired. The system may be reduced to a five-year rota- 
tion by cutting out either the second or the sixth year, and to a four-year system 
by omitting the fifth and sixth years, as indicated below. 

The two following rotations are suggested as especially adapted for com- 
bating the corn borer: 


First year —Corn First year —Corn 

Second year —Soybeans Second year —Soybeans 

Third year —Small grain (with legume) Third year —Small grain (with legume) 
Fourth year —Legume Fourth year —Legume 

Fifth year —Corn (for silage) Fifth year -——Wheat (with alfalfa) 
Siath year ——Wheat (with sweet clover) Siath Year —Alfalfa 


Five-Year Rotations 


First year —Corn First year —Corn 
Second year —Wheat or oats (with clover) Second year —Soybeans 
Third year —Clover Third Year —Corn 
Fourth year —Wheat (with clover) Fourth year —Wheat (with legume) 
Fifth year —Clover Fifth year —Legume 
First year —Corn 


Second year —Cowpeas or soybeans 
Third year ——Wheat (with clover) 
Fourth year —Clover 
Fifth year —Wheat (with clover) 
The last rotation mentioned above allows legumes to be grown four times. 
Alfalfa may be grown on a sixth field rotating over all fields if moved every six 


years. 


Four-Year Rotations 


First year —Corn First year —Corn 

Second year —Wheat or oats (with clover) Second year —Corn 

Third year —Clover Third year —Wheat or oats (with clover) 
Fourth year —Wheat (with clover) Fourth year —Clover 

First year —Corn First year —Wheat (with clover) 

Second year —Cowpeas or soybeans Second year —Clover 

Third year —Wheat (with clover) Third year —Corn 

Fourth year —Clover Fourth year —Oats (with clover) 


Alfalfa may be grown on a fifth field for four or eight years, which is to be 
alternated with one of the four; or the alfalfa may be moved every five years, 
and thus rotated over all five fields every twenty-five years. 
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Three-Year Rotations 


First year —Corn First year —Wheat or oats (with clover) 
Second year —Oats or wheat (with clover) Second year —Corn 
Third year —Clover Third year —Cowpeas or Soybeans 


By allowing the clover, in the last rotation mentioned, to grow in the spring 
before preparing the land for corn, we have provided a system in which legumes 
erow on every acre every year. This is likewise true of the following suggested 
two-year system: 


Two-Year Rotations 


First year —Oats or wheat (with sweet clover) 
Second year —Corn 


Altho in this two-year rotation either oats or wheat is suggested, as a matter 
of fact, by dividing the land devoted to small grain, both of these crops can be 
grown simultaneously, thus providing a three-crop system in a two-year cycle. 

It should be understood that in all of the above suggested cropping systems 
it may be desirable in some cases to substitute barley or rye for the wheat or 
oats. Or, in some eases, it may become desirable to divide the acreage of small : 
grain and grow in the same year more than one kind. In all of these proposed 
rotations the word clover is used in a general sense to designate either red clover, 
alsike clover, or sweet clover, or it may include alfalfa used as a biennial. The 
mixing of alfalfa with clover seed for a legume crop is a recommendable prac- 
tice. In connection with livestock production it may be desirable to mix grass 
with the clover for pasture or hay. The value of sweet clover, especially as a 
green manure for building up depleted soils, as well as a pasture and hay-crop, 
is becoming thoroly established, and its importance in a crop-rotation program * 
may well be emphasized. 
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SUPPLEMENT: EXPERIMENT FIELD DATA 


(Results from Experiment Fields on Soil Types Similar to Those Occurring in 
Coles County) 


The University of Illinois has conducted altogether about fifty soil experi- 
ment fields in different sections of the state and on various soil types. Altho 
some of these fields have been discontinued, the majority are still in operation. 
It is the present purpose to report the summarized results from certain of these 
fields located on soil types described in the accompanying soil report. 

A few general explanations at this point, which apply to all the fields, will 
relieve the necessity of numerous repetitions in the following pages. 


Size and Arrangement of Fields 


The soil experiment fields vary in size from less than two acres up to forty 
acres or more. They are laid off into series of plots, the plots commonly being 
either one-fifth or one-tenth acre in area. Each series is occupied by one kind 
of crop. Usually there are several series so that a crop rotation can be carried 
on with each crop represented every year. 


Farming Systems 


On most of the fields the treatment provides for two distinct systems of 
farming, livestock farming and grain farming. 

In the lwestock system, stable manure is used to furnish organic matter and 
nitrogen. The amount applied to a plot is based upon the amount that can be 
produced from crops raised on that plot. 


In the grain system no animal manure is used. The organic matter and 
nitrogen are applied in the form of plant manures, including the plant residues 
produced, such as cornstalks, straw from wheat, oats, clover, ete., along with 
leguminous catch crops plowed under. It was the plan in this latter system to 
remove from the land, in the main, only the grain and seed produced, except in 
the case of alfalfa, that crop being harvested for hay the same as in the livestock 
system but certain modifications have been introduced in recent years, as ex- 
plained in the descriptions of the respective fields. 


Crop Rotations 


Crops which are of interest in the respective localities are grown in definite 
rotations. The most common rotation used is wheat, corn, oats, and clover; and 
often these crops are accompanied by alfalfa growing on a fifth series. In 
the grain system a legume catch crop, usually sweet clover, is included, which 
is seeded on the young wheat in the spring and plowed under in the following 
spring in preparation for corn. If the red clover crop fails, soybeans are 
substituted. 
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Soil Treatment 


The treatment applied to the plots at the beginning was usually standardized 
according to a rather definite system. With advancing experience, however, new 
problems arose calling for new experiments, so that on most of the fields plots 
have been divided and a portion given over to new systems of treatment, at the 
same time maintaining the original system essentially unchanged from the 
beginning. 

Following is a brief explanation of this standard system of treatment. 

Animal Manures.—Animal manures, consisting of excreta from animals, with 
stable litter, are spread upon the respective plots in amounts proportionate to 
previous crop yields, the applications being made in the preparation for corn. 

Plant Manures—Crop residues produced on the land, such as stalks, straw, 
and chaff, are returned to the soil, and in addition a green-manure crop of sweet 
clover is seeded in small grains to be plowed under in preparation for corn. (On 
plots where limestone is lacking the sweet clover seldom survives.) This prac- 
tice is designated as the residues system. 


Mineral Manures.—Limestone has usually been applied at the rate of 4 tons 
an acre as an initial application, and 2 tons an acre every four years thereafter 
until a considerable excess has accumulated in the soil. Rock phosphate has 
been applied at the rate of one ton an acre at the beginning, followed by an 
annual acre-rate of 500 pounds applied once in the rotation until a considerable 
excess has accumulated. Potassium has been applied usually in the form of 200 
pounds of kainit a year. When kainit was not available, owing to conditions 
brought on by the World War, potassium carbonate was used. 


Explanation of Symbols Used 


0 == Untreated land or check plots 
M == Manure (animal) 

= Residues (from crops, and includes legumes used as green manure) 
L = Limestone 


P Phosphorus, in the form of rock phosphate unless otherwise designated. 
(sP — superphosphate, bP — bone meal, rP = rock phosphate, sIP — slag 
phosphate) 

K = Potassium (usually in the form of kainit) 


( ) == Parentheses enclosing figures, signifying tons of hay, as distinguished 
from bushels of seed 


THE ALEDO FIELD 


An experiment field representing the soil type Brown Silt Loam On Clay 
is located in Mercer county just west of Aledo. This field has been in opera- 
tion since 1910. From its physical aspects this field should be well adapted to 
experimental work, the land being unusually uniform in topography and in soil 
profile. 

There are two general systems of plots and they are designated as the 
major and the minor systems. The major system comprizes four series made 
up of 10 plots each. The plots were handled substantially as described for 
standard treatment until 1918, when it was planned to harvest the first crop of 
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red clover on the residues plots for hay and to plow down the second erop if no 
seed were formed. In 1921 the return of the oat straw was discontinued. In 
1923 the rotation was changed to one of corn, corn, oats and wheat. In this 
rotation it was planned to seed hubam clover in the oats on all plots, for use as 
hay or for soil improvement, and common sweet clover in the wheat on the 
residues plots for use as a green manure. Since this change, no residues except 
cornstalks and the green manure have been returned to the residues plots. The 
limestone applications were temporarily abandoned in 1923 after the different 
series had received 714 to 9 tons an acre and no more will be applied until a need 
for hime appears. The phosphate applications were evened up to a total of 4 tons 
an acre in 1924, and no more will be applied for some time at least. 

A summary of the results, showing the average annual yields obtained for 
the period beginning when complete soil treatment came into sway is given in 
Table 7. Comparisons in terms of crop increases, intended to indicate the effect 
of the different fertilizing materials applied is shown in the lower section of 
the table. 

In looking over these results, one may observe first the beneficial effect of 
animal manure on all crops but especially on corn. This suggests the advisa- 
bility of carefully conserving and regularly applying all stable manure. Resi- 


Tasie 7.—ALEDO FIELD: Summary or Crop Yirups 
Average Annual Crop Yields 1912-1928—Bushels or (tons) per acre 


Stubble Clover 
Serial ’ 

plot | Soil treatment applied | Wheat | Corn | Oats | Clover Soy- Sweet 
No. beans! | clover | Hubam? 
14 crops\28 crops|16 crops| 6 crops | 3 crops | 2 crops | 2 crops 
MI OMEMMME i titss,cicis-c s+ es 29.9 | 56.0 | 58.6 (2521) CGO) aka oe eee 
OD | so bud 4 ee Oe eee 35.1 | 69.9 | 65.7 (Qe74)i)) Vi 263)) ie eee sleepers 
SMA NER eer eae = ans <5) S0RO ee Coco || OS. (Sit 2) Le OI perce (e122) 
ARMANI a sie tovaste sieves oe. Ste |) Thar |) 696 (NN  CEASID) a siolic os c (1.20) 
Bie A Oats 2 SL ke EOS eee 31.0 | 58.0 | 60.0 CRC OPAC LAG Aca collmce coc cc 
@. Rv .c0 to ooo ec 3hc8 | 64.5 | 61.5 CE OI. LAGS) cues 5 eel eaten 
a RG. 0b dato S42 ld) (66.8 LSA ale, alata) |) (C a2) 
SiMe eererayeieashe « hisrs oeiese.» 6 By 8) |) Vesa MN eratetae! (2.08))|) (2203) 1) (L566) | Ge. 80) 
G)- || GRIGIEG Ss Seige eee eee Bvlacsn | erhaees |) Ue ¢h (URZ3) i) (2/509) 299) en Gera) 
LOPE RO State tncavicectas bios - DOS2 IM OORo mT OSaS (ALS LPG LAGPA oe geedeile do oae-o 

Crop Increases 

MOM ETON 2 back ee ses O24 13.9 Peal ESB GOS a ree, bce] | Seam Rerae 
RBG Ola O Gee ter eae ahanee sess 8 6.5 neta eel OS) ae meas: i beetervens ctal ips ciglp o 6% 
Mileowers Nas co o5s <5 4 3.6 2.8 (CBD NEO USD ben. cere cats (1.12) 
TRVOMET ER anvasin cues ais 3s 2.4 OP Sowell XC 823) eiCicom, iGo?) 
MLP over ML........ Ibeys 12 AOS aC Ora AG KOU Bo ob koe ( .08) 
FIG RCOWOTUEN Lit a08 aac)... « Sih Db lee (29) ii a5) i nec 09)) en Gee) 
RLPK over RLP...... — 1 1583 2.4 |—( .35)| ( .06)| ( .83)|/—( .28) 


1Soybeans all evaluated as hay, altho some plots were harvested as seed. 
2T wo crops hubam on Plots 3 and 4 but only 1 crop on 7, 8 and 9, 
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dues alone have been beneficial for the second year corn but have shown little 
effect on the other crops of the rotation. 

Where limestone has been applied, there is usually some increase in average 
yields, sufficient, at least, to cover the cost of the limestone. 

The addition of rock phosphate to the treatment has had very little effect 
in the manure system. Somewhat more favorable are the results in the residues 
system, but under present market conditions, the cost of rock phosphate applied 
in the manner of these experiments exceeds the value of the crop increase. 
However, the economic story has not all been told, for the application of lime 
and phosphate has been discontinued in order to observe the residual effects. 
The results of the next few years, therefore, will be awaited with great interest. 

For the effeet of potassium treatment Plots 8 and 9 should be compared. 
No significant response appears from this treatment so far as these common 
field crops show. 


Special Phosphate Experiments 


The so-called minor system of plots on the Aledo field is given over to a 
comparison of the effectiveness of different carriers of phosphorus. 

In this experiment each series contains four plots. Plot 1 receives residues 
treatment only; Plot 2 receives residues and phosphorus in one of the forms 
under test; Plot 3 receives residues, limestone, and phosphorus; and Plot 4 is 
similar to Plot 3 with phosphorus omitted. On one series steamed bone meal is 
used as the carrier of phosphorus and is applied at the rate of 200 pounds 
per acre per year. On another series superphosphate is applied at the yearly 
rate of 33314 pounds per acre. On a third series rock phosphate serves as the 
source of phosphorus and is applied at the rate of 66624 pounds per acre per 
year. On the last series basic slag phosphate is applied at the rate of 250 pounds 
per acre per year. 

The yields for all crops harvested on these plots are recorded in Table 8. 
Table 9, which is derived from Table 8, shows the value of the increase in crop 
yield presumed to have resulted from applying the various forms of phosphatic 
fertilizers for the 13 crops harvested since the beginning of the applications up 
to 1928. In computing these comparisons, each phosphate plot is compared with 
its neighboring non-phosphate plot. Aside from the soybeans, the figures show 
without exception more or less crop increase on the phosphorus plots, no matter 
what the form of carrier employed. 

The difficulty in arriving at a general conclusion regarding the comparative 
economy in the use of these different phosphorus materials is obvious, for all 
depends upon their relative cost, which fluctuates from time to time. Further- 
more, the prices received from farm produce likewise fluctuate; and to com- 
plicate matters still further, these fluctuations do not necessarily run parallel 
with those of the fertilizer cost. However, one may compute for himself the 
relative economy of producing these crop increases by applying any set of prices 
for crops and fertilizers which appear to be most applicable according to pre- 
vailing market conditions. For the purpose of furnishing an illustration of such 
a computation, the December 1 market quotations for the years in which the 
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TaBLe 8.—ALEDO FIELD: PuospHate ExpeRIMEeNtT 
Annual Crop Yields—Bushels or (tons) per acre 
} 1 
Plot ee 19161) 19171 ek 1919 | 1920 | 1921 icant 1923 | 1924 | 1925 | 1926 | 1927 | 1928 
No : Corn | Oats ¥~ | Wheat] Corn | Oats Corn | Corn | Oats |Wheat|} Corn | Corn 
applied beans hay 
SOUR ERs... Hare ates 53.4 | 85.5 | 18.9 | 32.4 | 72.8 | 48.9 | (2.88)| 83.5 | 58.2 | 63.9 | 44.0 | 33.9 | 69.8 
SOZ WARD P S.. 5.0 «219 Gier olss | 19.0 || 34.7 | 86.4 | 61.9. | (3.25)| 82.7 | 66.0 | 75.0.) 59.2) 68:2) 71.7 
SOB HRLDE Sse 61.5 | 90.6 | 23.2 | 35.6 | 87.3 | 53.3 | (3.48)} 82.5 | 66.8 | 73.4 | 62.0 | 71.3 | 78.3 
BOAGRL : Sot te 55:1 | 80.5 | 22.6 | 32.9 | 77.7 | 47.7 | (2.61)| 88.2 | 60:3 | 64.5 | 44.6 | 58.5 | 72.0 
GOTGEG:..:. atevekdalere 50.2 1 84.7 | 19.6 | 33.0 | 71.2 | 53.6 | (8.17)) 84.7 | 57.3 | 64.4 | 43.3 | 37.2 | 71.3 
602 | RsP 67.8 | 87.7 | 18.7 | 38.3 | 87.1 | 60.9 | (8.23)| 82.5 | 65.9 | 76.1 | 60.6 | 54.8 | 73.2 
603 | RUsP...... 64.7 | 83.4 | 23.1 | 38.2 | 88.1 | 52.3 | (38.53)| 77.6 | 64.7 | 78.1 | 64.4 | 67.0 | 74.9 
BOSAL ee can 61.9 | 81.7 | 24.6 | 32.8 | 84.9 | 50.2 | (3.06)| 84.1 | 51.9 | 64.1 | 47.3 | 60.8 | 74.4 
TOUS Ra. vies haces 54.3 | 83.1 | 20.8 | 34.2 | 75.6 | 52.8 | (3.41)] 82.8 | 61.2 | 66.6. | 44.8 | 39.9 | 72.3 
FOL ReP os cs 68.8 | 83.3 | 23.3 | 36.7 | 80.4 | 63.0 | (3.60)| 87.8 | 69.3 | 70.3 | 59.2 | 61.8 | 74.3 
TO RLY E 5 is oe 67.2 | 31.2 | 28.1 | 36.7 | 80.2 | 53.3 | (3.82)| 86.6 | 70.8 | 67.8 | 57.5 | 67.8 | 76.5 
TOS Ls. 528s oly 52.1 | 81.7 | 26.9 | 34.1 | 82.0°| 48.9 | (3.15)|} 84.6 | 62.5 | 66.3 | 48.8 | 63.0 | 74.6 
CU | Os | eae er 67.6 | 78.8 | 18.0 | 33.7 | 68.1 | 54.8 | (2.62)) 74.3 | 58.8 | 45.0 | 45.8 | 42.2 | 70.4 
BODO RelP yee 56.4 | 87.8 | 20.6 | 38.1 | 81.0 | 66.2 | (3.66)| 80.0 | 69.1 | 66.3 | 60.2 | 60.7 | 69.3 
SOSWURLalP . an. 63.3 | 78.9 | 23.7 | 38.4 | 83.6 | 57.0 | (3.63)| 82.0 | 70.2 | 66.7 | 66.0 | 73.1 | 71.0 
BOWE Scie, oc 51.8 | 77.5 | 21.8 | 33.3 | 70.4 | 59.8 | (2.99)| 82.6 | 59.9 | 53.9 | 48.2 | 60.4 | 75.1 


1No residues. 


respective crops were actually produced have been applied to the results of these 


Aledo plots. 


The value of soybeans is arbitrarily set at $1.50 a bushel. 


For the 


cost of fertilizer materials the prices of phosphates are estimated as follows: 
bone meal, $40 a ton; superphosphate, $24; rock phosphate, $12; and slag 
phosphate, $20 a ton. 


TasuE 9.—ALEDO FIELD: Puosruatrre EXPERIMENTS 


Value of Crop Increases Produced by the Various Forms of Phosphate, 
Computed from Yields in Table 8 


Wheat Corn Oats Clover Soy- Total | Cost of | Profit Profit 
Comparison of beans | increase | phos- from | per acre 
treatments phate per year 
2 crops | 6 crops | 3 crops | 1 crop 1 crop | 13 crops | 13 years | 13 crops 
Bone meal, residues, over resi- 
(TOES aie gh O0 Cote a Es $23.35 | $44.04 | $11.67 | $ 4.63 | $ .15 | $83.83 | $52.00 | $31.83 | $ 2.45 
Bone meal, residues, lime 
over residues, lime........ 26.90 27.01 11.31 10.88 -90 77.00 52.00 25.00 1.92 
Superphosphate, residues, 
over residues......... heme o2.20 32,12 8.15 .75 | —1.20 72.05 52.00 20,05 1.54 
Superphosphate, residues, 
lime, over residues, lime ...| 32.20 25.33 6.62 5.88 | —2.25 OF eer 52.00 15.77 L2H 
Rock phosphate, residues, 
OVEN TEBIGMEB eid copies uc lee oo 22.81 34.51 4.38 2.38 3.75 67.83 52.00 15.83 1.22 
Rock phosphate, residues, 
lime, over residues, lime ...| 16.07 17.15 1.49 8.38 1.80 44.89 52.00 |— 7.11 |— .55 
Slag phosphate, residues, 
over TeSidUES, .. J. . see ee 26.80 32.46 19.86 13.00 3.90 96.02 32.50 63.52 4.89 
Slag phosphate, residues, 
lime, over residues, lime...| 32.43 24.59 11.07 8.00 2.85 78.94 32.50 46.44 3.57 
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Reckoned on the basis of the above prices, it appears from the last column 
of Table 9 that slag phosphate has produced the most profitable returns of the 
four phosphorus carriers in the test, bringing an average profit of $4.89 an acre 
yearly where applied without limestone and $3.57 where applied, with limestone. 
Bone meal has given an average profit of $2.45 applied without limestone and 
$1.92 applied with limestone. Superphosphate has returned $1.54 used without 
limestone and $1.21 used with limestone. Rock phosphate has produced a profit 
of $1.22 an acre a year when applied without limestone and a loss of 55 cents 
when used with limestone. 

In considering these results, it may be pointed out that the quantities of 
phosphatic materials employed in these experiments are, with the possible excep- 
tion of the slag phosphate, greater than ordinarily would be used, or need to be 
used, in good farm practice. Moreover, no consideration is given in these com- 
parisons to the relative phosphorus reserves which should have accumulated in 
the soil. Finally, it should be emphasized that the order of these values might 
be easily shifted by a relatively small change in commodity prices. 

Limestone at the rate of 4 tons an acre was applied to Plots 3 and 4 in 1912 
when the land was still under alfalfa, and another dressing was added in 1917 
after the present experiments were under way. The results from the limestone 
treatment are shown in Table 10. 

At the prices for produce and limestone assumed in these computations, a 
profit of $1.69 an acre a year for limestone applied without phosphate of any 
kind is found. Where limestone was applied with bone meal, the limestone profit 
was 99 cents an acre a year, and with superphosphate it was likewise 99 cents 
an acre. Used with rock phosphate, the crop increases were so small that there 


Taste 10—ALEDO FIELD: Puospuatrn EXPERIMENTS 
Value of Crop Increases Produced by Limestone, Computed from Yields in Table 8 


Wheat Corn Oats Clover Soy- Total | Cost of | Profit Profit 
Comparison of beans | increase} lme- from | per acre 

treatments stone! per year 
2 crops | 6 crops | 3 crops | 1 crop 1 crop |13 crops | 13 years | 18 crops 


Limestone, residues, over 
MESIQUES . owe Aton eine $ 3.25 | $22.14 | $—.40 | $—.84 | $ 7.01 | $31.16 | $ 9.18 | $21.98 | $ 1.69 


Limestone, residues, bone 
meal, over residues, bone 
MOA ah vate nea at Scene Brow 11.35 | —3.76 2.88 6.30 22.08 9.18 12.90 .99 


Limestone, residues, super- 
phosphate, over residues, 
superphosphate.......... 4.43 11.93 | —4.58 3.75 6.60 22.02 9.18 12.84 .99 


Limestone, residues, rock 
phosphate, over residues, 
rock phosphate........... —2.07 5.00 | —5.04 22> 7.20 7.84 9.18 | —1.34 | — .10 


Limestone, residues, slag 
phosphate, over residues, 
slag phosphate. .......... exh 11.26 | —1.81 | — .38 4.65 21.44 9.18 12.26 .94 


1Qwing to the fact that the first application of limestone on these plots was made for alfalfa four years before the 
present experiments were started, the total expense of $12 an acre for limestone is prorated, leaving a charge of $9.18 
for the 13 crops involved in the present experiments. 
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was a loss of 10 cents an acre a year. Applied with slag phosphate, the returns 
show a profit of 94 cents an acre a year. 

It appears, therefore, that by distributing the cost of the limestone over the 
years since its first application, this material has returned a moderate profit 
except where used with rock phosphate. 

It should be observed that the Aledo field represents one of those border- 
line eases, so to speak, in which the upper soil is nearly neutral or only slightly 
acid and the lime requirement, therefore is not very marked. As time goes on, 
however, and cropping continues, a greater need for lime will probably develop. 
By discontinuing liming on these plots the annual cost of the limestone already 
applied is automatically reduced, so that net returns which hitherto have perhaps 
represented an actual loss may sooner or later result in a positive profit. 


THE MORROW PLOTS 


As representing the soil type Brown Silt Loam, the field experiments on the 
Morrow Plots, which have been continued for more than half a century, will be 
of special interest. 

The Morrow Plots are located on the campus of the University of Illinois. 
This series now consists cf three plots divided into halves, and the halves are sub- 
divided into quarters. On one plot, corn is grown continuously; on the second, 
corn and oats are grown in rotation; and on the third, corn, oats, and clover are 
rotated, The north half of each plot has had no fertilizing material applied from 
the beginning of the experiments, while the south half has been treated since 
1904. Besides farm manure, phosphorus has been applied in two different forms: 
rock phosphate to the southwest quarter at the rate of 600 pounds, and steamed 
bone meal to the southeast quarter at the rate of 200 pounds per acre per year 
up to 1919, when the rock phosphate was increased sufficiently to bring up the 
total amount applied to four times the quantity of bone meal applied. In 1925 
the phosphates were evened up to a total of 3,300 pounds of bone meal and 13,200 
pounds of rock phosphate and their application discontinued. In 1904 ground 
limestone was applied at the rate of 1,700 pounds per acre to the south half of 
each plot, and in 1918 a further application was made at the rate of 5 tons per 
acre. From 1903 until 1920, legumes were seeded in the corn on the south half 
of each plot. Legumes, chiefly red clover until 1918 and sweet clover since that 
time, have been seeded in the oats on the south half of Plot 4. 

Summarizing the data from these Morrow plots into two periods, with the 
second period beginning in 1904, when the treatment began on the half-plots, 
some interesting comparisons may be made. In the first place we find in the un- 
treated, continuous corn plot a marked decrease in the second period in the 
average yield of corn, amounting to one-third of the crop. In the two-year rota- 
tion there is a decrease in both corn and oat production. The averages for the 
three-year system on the untreated land show a slight increase in corn yield, a 
small decrease in oats, and a considerable reduction in clover. 

Crop rotation has noticeably improved the yields over continuous corn grow- 
ing. The three-year rotation has been more effective than the two-year rotation 
in maintaining yields over the entire period. The two-year rotation, however, has 
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Fig. 8—Corn ON THE MorroOW PLOTS IN THE THREE-YEAR ROTATION 


Both’ 6f these plots are under a good crop rotation of corn, oats, and 
clover. No soil treatment is applied to the plot at the left, while that at 
the right receives manure, limestone, and phosphate. The one is yielding at 
the rate of 50 bushels an acre, the other at 67 bushels. 


been gaining on the three-year rotation in recent years probably because of the 
influence of sweet clover. 

The increase brought about by soil treatment stands out in all cases, showing 
the possibility not only of restoring but also of greatly improving the productive 
power of this land that has been so abused by continuous eropping without 
fertilization. 

Thruout the season the crops growing on the treated soil are usually at a 
more advanced stage of development than those growing on the untreated soil. 
In corn this shows up at husking time in drier, sounder ears than those found 
on the untreated land. 

An important principle of soil management is demonstrated in these ex- 
periments; namely, that the best results are not obtained thru crop rotation 
alone nor thru soil fertilization alone, but it is the combination of these two prac- 
tices that brings out the highest possibilities for production. 

The practices in rotation and soil treatment which have been the most effec- 
tive in increasing the crop-producing capacity of the soil have also been the most 
profitable financially. These better practices not only have increased the yields 
but they have made possible a greater economy in production, an important 
factor in increasing farm profits. 


TaBLE 11—URBANA FIELD, MORROW PLOTS: Generat SuMMARY 
Average Annual Yields—Bushels or (tons) per acre 


ana Caen Two-year rotation Three-year rotation 

Years treatment every ay 
applied vee Corn Oats Corn Oats Clover! 
ne 16 crops 9 crops 6 crops 4 crops 4 crops 4 crops 
Gorl'G03s|) Nonei. a4 39.7 41.0 44.0 48.0 47.6 (2.03) 
25 crops 12 crops 13 crops 9 crops 8 crops 8 crops 
LOO Ts INOnes S57. cae 25.0 35.1 34.0 49.3 45.1 (1.49) 
Con O2Sal MEE eee 40.2 60.6 59.2 67.2 62.7! (2.83) 


‘Including all legume crops evaluated as clover hay. 


Cotes CouNTY 49 


For further information concerning these long-time soil experiments, the 
reader is referred to Bulletin 300, ‘‘Lessons from the Morrow Plots,’’ where 
these investigations are described and discussed in detail. 


THE KEWANEE FIELD 


The Kewanee experiment field, representing the soil type Brown Silt Loam, 
is loeated in Henry county about midway between Kewanee and Galva. This 
field has been in operation since 1915. It includes 20 acres of the dark-colored 
loessial soil characteristic of the region. Altho the main soil type represented is 


_ Brown Silt Loam, a detailed examination reveals the presence of a second type 


occupying the basin of the draw which traverses the field in a winding direction. 
This minor type is classified as Black Clay Loam On Drab Clay. The topography 
of the land is rather rolling and it has a tendency to wash at certain spots. The 
field is laid out in two systems of plots designated as the major and the minor 
series. 


The Major Series 


A rotation system of wheat, corn, oats, and clover has been practiced on the 
major series, the crops being managed mainly as described on page 42. Since 
1921 the clover on the residues plots has been harvested for hay instead of seed 
and the oat straw has not been returned to the land. Since 1922 the periodic 
application of limestone has been suspended after the different series had re- 
ceived an average total of 634 tons to the acre, and no more is to be applied until 
it shall be needed again. The practice of returning the wheat straw has been 


_ discontinued since 1922, and since 1925 only one crop of clover hay on the residues 


—— 


plots has been removed, the second crop being plowed down as green manure. 
The phosphate applications were suspended in 1927 after evening up all phos- 
phate plots to a total of 4 tons per acre. 

Table 12 gives a summary of the results showing the average annual yields 
for the different kinds of crops, including the years since the complete soil treat- 
ments have been in effect. 

In looking over these results one may observe first the effect of animal 
manure, which has given profitable increases in all the crops. Residues alone 
show no significant effect. 

Limestone in addition to manure has resulted in a small improvement, prob- 
ably sufficient to cover the cost. It has been somewhat more effective in the 
grain system than in the livestock system. 

Phosphorus, as usual, shows up in these averages to best advantage on the 
wheat crop in the residues system. Where used with manure and limestone, 


little effect was produced except on the wheat; but where used with residues 


and limestone, fair increases were produced in all crops, sufficient to return a 
financial profit under present market conditions. A study of the detailed data 
reveals a fact of interest in this connection which these averages do not bring out, 
and that is that the phosphate exerted very little influence during the earlier 
years of the experiments. Within the past seven or eight years, however, the 
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Tasip 12—KEWANEE FIELD: Summary or Crop YIELDS 
Average Annual Yields 1917-1928—Bushels or (tons) per acre 


Serial Wheat Corn Oats Clover! 
plot Soil treatment applied 
No. 10 crops 12 crops 12 crops 11 crops 
1 O3 sci cae eee ee 29.0 54.6 59.0 (1.64) 
2) 0) WMudd «scene oe ey ener aataraye cists © 32.4 66.0 (OE (2.23) 
3 Miia. 3 oe eer ee eee ccc 30.2 70.6 (eine (2.30) 
4 MGR 3c eet eat oe reals 40.0 (Zou 72.4 (2.48) 
Bel Oise son attest nets Meters ape aaveah eK 30.3 56.1 60.6 (1.56) 
Bis Rts lake tice ieee beer e ater 31.6 58.2 59.6 (1.46) 
7 Rls caer ee eee ne ee 34.2 66.5 63.3 Ci 71) 
Som TULIPS rosea OM oe er eee crete 39.8 70.9 69.0 (1.89) 
O25} RUPIGA ah tome eet arti aks 40.6 74.4 70.6 (1.97) 
ale Dane eoF Rar ae. kh ACRE RES 28.1 50.3 56.4 (1.29) 
Crop Increases 
IMPOVeriOe miss S Mreeenrats eer s 3.4 Ve 12.0 ( .59) 
RiovenO Broo ee cen as 153 21 — 1.0 —( .10) 
MT OvereMin titee, 90 Soe ee. 28 4.6 De (RO) 
RiGhoverutae st aed oats 2.6 825 B67 ( .25) 
MEP tover Uo ase taeeceses 4.8 15 — .8 (218) 
RG Pio wereylin sen eee se er acter 5.6 4.4 Ga 7h ( .18) 
RURKover ib bonwrer ete oe 8 Blot 1.6 ( .08) 


‘Including some seed evaluated as hay. 


phosphorus treatment has come suddenly into evidence and the trend of its 
effectiveness seems at present to be on the upgrade. 

No significant response appears as the result of potassium fertilization, thus 
indicating the futility of purchasing potassium fertilizer for use in this kind of 
a cropping system on this kind of soil. 


Comparative Phosphate Experiments 


Four short series having only 4 plots each constitute the so-called minor 
system on the Kewanee field. These plots are now given over to a comparison 
of the effectiveness of rock phosphate and superphosphate. 

Alfalfa was grown on these plots until 1922. In the beginning, limestone 
was applied to Plots 3 and 4 at the rate of 4 tons an acre. This application was 
repeated in 1919. In 1922 the present experiments with phosphates were begun 
and the same rotation practiced on the larger series described above was estab- 
lished on these series. In this comparison rock phosphate is used on Plots 1 and 
3 at the annual rate of 400 pounds an acre, applied once in the rotation ahead of 
the wheat, but beginning with 1927 rock phosphate will be applied at the same 
time as the superphosphate. Superphosphate is used on Plots 2 and 4 at the 
annual rate of 200 pounds an acre. It is applied twice in the rotation, one-half 
for wheat and one-half for oats. A summary of the annual crop yields and cor. 
responding money values is given in Table 13. 

In comparing these two forms of phosphate the following set of prices are 
assumed as representing the average market conditions for the past seven years 
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TasB_Le 13.—KEWANEE FIELD: PuospHate ExpERIMENT 


Average Annual Crop Yields and Corresponding Money Values 1922-1928 
Bushels or (tons) per acre 

Wheat Corn Oats Legume Wahie 
Soil treatment applied hay pene 

7 crops 7 crops 7 crops 7 crops Pe 
| Residues, rock phosphate......... c 43.3 74.1 76.5 3.09 $43.89 
Residues, superphosphate.......... 45.1 73.0 78.2 3.02 44.17 
‘Residues, limestone, rock phosphate | 38.8 73.0 73.5 3.09 42.05 
Residues, limestone, superphosphate 46.6 (aya 77.0 3.01 44.83 


(December 1 quotations) : wheat, $1.21 a bushel; corn, 68 cents; oats, 39 cents; 
and hay, $13.90 a ton. For the cost of the two phosphorus carriers, an estimate 
of $12 a ton for rock phosphate and $24 a ton for superphosphate may be taken, 
thus making the expense for the two kinds of phosphate equal. 

With these prices applied to the yields given in Table 13, it is found that 
without limestone there is very little difference in value of crops produced under 
the two forms of phosphate. The 388 cents in favor of the superphosphate is 
scarcely significant in view of the experimental errors involved in this sort of 
test. In the presence Of limestone the difference in crop values is. $2.78 per acre 
per year in favor of superphosphate. Wheat has been the crop most affected by 
the form of phosphate applied. 

It is to be borne in mind that the order of values can easily be shifted by a 
change in the relative yields of the respective crops or by a change in commodity 
prices. Furthermore no consideration has been given here to any possible differ- 
ence in the residual effects of the two forms of phosphate which might appear 
upon discontinuing the treatments. 


THE BLOOMINGTON FIELD 


The experiments on the Bloomington field are of interest in connection with 
the management of Brown Silt Loam. This field is located in McLean county, 
northeast of the city of Bloomington. The work was started in 1902. Altho a 
fairly long period of years has been covered in these experiments, the field has 
only a single series of plots, so that only one kind of crop is represented each 
season. The crops employed have been corn, corn, oats, clover, and wheat; and, 
since 1905, they have been grown in the sequence named. 

j Commercial nitrogen applied in the form of dried blood was used in the 

early years up to 1905, when crop residues and clover were substituted. For 20 
“years all of the phosphorus on this field was applied in the form of steamed bone 
meal at the rate of 200 pounds an acre a year. 

Table 14 presents a summary of the work to 1923 by average annual yields. 
The comparisons in the lower part of the table show the effect of the different 
plant-food materials in the various combinations in which they were applied. 

The value of limestone on this field is difficult to assess on account of the 
erratic results found upon comparing Plots 1 and 2. Here both corn and wheat 
appear to have suffered from the application of limestone, but the difficulty may 

well be attributable to soil variability. Comparing Plots 9 and 10, it would 
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Taste 14.—BLOOMINGTON FIELD: Summary or Crop YIELDS 
Average Annual Yields 1902-1923—Bushels or (tons) per acre 


Serial Corn Oats Wheat Clover! 
plot Soil treatment applied 
No. 10 crops 4. Crops 4 crops 3 crops 
1 Oe ORE: act eC Re ee ene aang 44.6 40.6 26.5 ( .74) 
yma Gin Oe rane A) oi) cio 5, Gin Phen RM che ATE 41.5 44.7 24.1 ( .80) 
3 1 OS ea Pei. | Gare ood eee tes 47.5 46.2 27.9 ( .88) 
4 1 Df) Ses PN or. teneres ee ier AR Riba ca 55.8 54.3 45.7 (2.54) 
5 | OY CO aa 9 Vee ar ad Gena Se SA Ucar een ee ee 46.2 43.5 25.5 ( .90) 
GCHAR P. eve. ba eae eas erie ons crete fe i 60.6 66.0 49.7 (1.19) 
7 GRR rc Oe Reem entree oietename hs ce faa 48.6 46.8 27.5 ( .82) 
CE 1G) By ofl bal CG ae eek nate serps, Ata oaecreats Saw 60.9 57.2 44.5 (2.44) 
9 RDB KE a ac eee, oe tre eee 64.2 6351 50.4 C288} 
10. SRD PIK 22 60 ceretias che rea Cae che 58.8 52.8 49.3 ( .83) 
Crop Increases 
For limestone 
L OVELO: Pea rane Miser ae — 3.5 4.1 — 2.4 ( .06) 
Db Pe Keoven Hib Phu nee cease chao 5.4 10.3 ial —( .02) 
For residues 
R Over. es xi aoe ators tins hae 6.0 1.5 3.8 ( .08) 
IRE 2 Borer Wil barrie aah ee tenets sate 4.8 i Dare 4.0 — (1.35) 
GR ovieral Keke ea te eet. cette 2.4 3.3 2.0 —( .08) 
TERDRKGGyer lib Peet hoe ee cane 3.3 5.9 5.9 — (1.63) 
For phosphorus 
LbP OVEL Levee dais eo ees eo ase iin ne ek 14.3 9.6 21.6 (1.74) 
LRbP wovertUR rere cee eee acne Le 19.8 21.8 Crs) 
Tb PI wover like yak thee tin Mee Lerner 14.7 11535 74 19.0 (1.54) 
IR DP Keo very like cee ara ieee recites 15.6 16.3 22.9 —( .01) 
For potassium 
LK OVGT Lapeer etter rian oerae See 4.7 — 1.2 1.4 ( .10) 
TURK (ove4rdRea a meee yee et aie 1b) 6 — 4 —( .06) 
LbPK a over LibPAR eerie ena aietie ni 5.1 2.9 — 1.2 —( .10) 
TGR DIRS O Ver uU/i)b bcwenemet erie aelenenar ier sions 3.6 — 2.9 aif ( .38) 


1T wo crops of seed on Plots 3, 6, 7, and 9 evaluated as hay. 


appear that in combination with residues, phosphorus, and potassium, the lime- 
stone on the whole was beneficial. 

The residues treatment, supplying organic matter and nitrogen, shows a 
beneficial effect on the grain crops, but not on the clover. 

The prominent feature of the results on the Bloomington field is the effect 
of phosphorus. In all of the grain crops on every plot where bone meal was 
applied, there was a remarkable response to the treatment, as shown by the in- 
creases in yields. This response appears in all the combinations, even without 
the presence of residues, altho in combination with either residues or potassium 
the effect is accentuated. For example, comparing Plot 3 with Plot 6 (limestone 
and residues, with limestone, residues, and phosphorus) we find that the phos- 
phorus treatment produced an average annual increase in the yield of corn of 
about 13 bushels an acre, while the yield of oats was increased by about 20 
bushels, and that of wheat by about 22 bushels. Similar increases, tho not so 
pronounced, appear in comparing Plot 5 with Plot 8, where potassium instead of 
residues was present. 
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Quite different are the results from the use of potassium on this field. The 
potassium was applied mainly in the form of potassium sulfate, but in 1917 


_when this material became unavailable thru war conditions, potassium carbonate 


was substituted. There was a moderate increase in the corn yield where potassium 


_ was used and particularly where residues were absent. Otherwise, the small gains 


shown on some plots are offset by losses on other plots, but these small differences 
are probably well within the limits of experimental error. 

Thus it appears that on this field, under this system of farming, the lack of 
phosphorus is the outstanding limiting factor in production and the application 
of this element in the form of steamed bone meal is attended by a high financial 
profit. 


New Phosphate Experiments 


In view of this remarkable response to bone meal on the Bloomington field, 


it was of interest to know how other carriers of phosphorus would behave, and 


accordingly some experiments were planned to investigate this question. For 
this purpose, the plots were divided in 1924 and certain new treatments were 
applied in order to compare the effects of rock phosphate and of superphosphate 
with bone meal, and at the same time to determine the residual effect of the 
accumulated phosphorus resulting from the continuous application of the bone 


_ meal in presumably somewhat excessive amounts. 


The following modifications of the original plots were introduced: 

An extra plot, No. 11, was added to the series and all plots were divided 
into north and south halves. Residues including cornstalks, the second crop of 
red clover, and other leguminous green manure crops are plowed down on all 
plots except Plot 1-S. Different phosphorus carriers are applied at the following 


"acre rates per rotation: bone meal, 1000 pounds, to Plots 2-N, 4-N, 6-N, 8-N, 9-N, 


and 10-N; rock phosphate, 2500 pounds, to Plots 3-N, 5-N, 7-N, and 11-N; super- 
phosphate, 1000 pounds, to Plots 3-8, 5-S, 7-S, and 11-S. Two-fifths of the 
rotation application of these phosphates are made preceding the oats crop, two- 


_ fifths ahead of the wheat crop, and one-fifth in preparation for the corn crop. 


| 


Table 15 indicates the arrangement of these modified plots and also gives 
the results of the five years in which these later experiments have been in 
progress. . 

In arriving at the financial results presented in the table, the values of the 
crops are based upon December 1 farm price quotations for the years in which 


/ the respective crops were produced. In deducting the annual cost for the dif- 


\, 


: ferent treatments, the total amounts of materials applied during the entire 


period of operation on the field were prorated. The expense for limestone is 
reckoned here at $3 a ton, rock phosphate at $14, superphosphate at $28, bone 


meal at $48, and residues at 75 cents an acre. 


It should be mentioned in considering the results that the soil of these plots 
‘is rather variable, with little provision for duplication; and also that some of 
the treatments are not now strictly comparable with one another on account 
of the previous history of the plots. Nevertheless, making allowances for these 
facts, certain figures in the last column of the table showing the net average 
acre value per year indicate effects worthy of consideration. 
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Tasup 15.—BLOOMINGTON FIELD: New PuospHatrs EXPERIMENTS 
Crop Yields and Values 1924-1928—Bushels or (tons) and dollars per acre 
Plot Soil treatment applied 1924 | 1925 | 1926 | 1997 | 1928 Average annual acre values 
= 
= Cost of 
No Previous Present Dots | Clover | Whent\(Corn; Com Gross treatment Net 
-N | 0.. 1 ee 60.6 |( .79)| 29.3 | 49.8 | 49.0 $29.29 $ .75 $28. 54 
ees ol). Citisvarare titel ste: <1 anys OTS flaw ata te @ 58.4 |(2.54)| 19.5 | 41.0 | 33.4 25.8201) ane 28.82 
DN st CEL he ade etereretert RLP (bone)..... 72.6 |(1.68)| 35.0 | 58.6 | 52.2 36.18 6.55 29.63 
aS tLe vie te cise ieee a Basis enc arene 68.2 |( .75)| 18.7 | 46.0 | 35.2 23.41 1.75 21.66 
3-N | RL. RP jock)... 68.2 |(2.18)} 32.5 | 63.6 | 64.6 39.35 5.25 34.10 
3-S | RL. RLP (super)....| 71.3 |(1.74)| 41.0 | 67.6 | 59.6 40.18 4.55 35.63 
4-N | LP (bone) .+#..| RLP (bone)!....] 57.6 |(1.81)| 37.3 | 60.0 | 49.6 35.79 6.55 29.24 
4-S | LP (bone)......} RLP (bone)?....| 67.2 |(1.89)| 36.7 | 63.6 | 60.0 38.71 5.30 33.41 
5-N | LK........«....| RLKP (rock)...} 63.2 |(1.66)| 32.5 | 61.4 | 56.2 35.73 7.65 28.08 
6S | LK...........»] RUKP (Guper) ..| 78.4 |.59)| 40.7 | 69.4 } 56.6 39.99 6.95 33.04 
6-N | RLP (bone)....| RLP (bone)!....| 68.8 |(2.18)| 40.5 | 60.8 | 55.8 39.73 6.55 33.18 
6-S | RLP (bone)....] RLP (bone)2....} 71.6 |(2:21)| 40.0 | 64.2 | 60.4 41.09 5.30 35.79 
To Wy BRERA is niet oie RLKP (rock)...| 71.2 |(2.11)] 35.3 | 66.4 | 58.4 39.62 ee iG5 31.97 
Foe TRAE kag cond sation RLKP (super) ..| 80.9 |(1.66)| 40.7 | 74.8 | 62.8 42.23 6.95 35.28 
8-N | LKP (bone)....} RLKP (bone)!..| 60.9 |(1.69)} 39.2 | 67.4 | 56.2 38.10 8.95 29.15 
8-S | LKP (bone)....| RLKP (bone)?..] 65.0 |(1.59)} 36.0 | 69.4 | 63.0 38.62 Bee iL 30.92 
9-N | RLKP (bone). .}| RLKP (bone)!. .| 60.9 |(2.18)| 43.8 | 75.8 | 60.4 42.56 8.95 33.61 
9-S | RLKP (bone). .| RLKP (bone)?. .| 72.2 |(1.65)] 41.5 | 77.8 | 62.6 41.97 7.70 34.27 
10-N | RKP (bone)....| RKP (bone)!....| 48.2 |(1.93)] 45.7 | 56.6 | 51.2 37.02 7.95 29.07 
10-S | RKP (bone)....| RKP (bone)?....] 51.2 |(1.53)} 43.0 | 60.6 | 58.0 36.89 6.70 29.99 
11-N (3) RE WCOCR bi. cea 70.4 |(1.68)| 45.3 | 61.8 | 47.4 38.43 4.25 34.18 
11-S (3) RP (super).....! 60.0 | (1.78)! 44.5 | 63.0 | 57.2 39.11 3.55 35.56 


1Bone meal applications omitted from 1917 to 1924. 2No bone meal applied since 1917. New plot added in 1924. 


In answering the question as to whether other carriers of phosphorus would 
be as effective as the bone meal in building up this soil, attention is ealled to the 
results on Plots 2-N, 3-N, and 3-S where bone meal, rock phosphate, and super- 
phosphate respectively have been employed in addition to limestone and residues. 
Unfortunately the comparison here is not altogether perfect in that the residues 
treatment on Plot 2-N was not introduced until 1924, whereas the other two 
plots had been under residues in the old system before the present experiments 
were begun and may, therefore, have an advantage in this respect over the bone 
meal plot. However this may be, the results as they stand at present place both 
rock phosphate and superphosphate ahead of bone meal. 

Between rock phosphate and superphosphate four direct comparisons in 
different combinations with other materials are afforded (Plots 3, 5, 7, and 11.) 
In some years on some lots the results are in favor of superphosphate; in other 
years on the same plots the reverse is true. As the results stand at present, the 
majority are in favor of superphosphate but their inconsistency makes it difficult 
to come to any final conclusion. It may be noted that in these comparisons the 
two materials are not applied in amounts proportionate to equal cost as in other 
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cases reported. Here 200 pounds per acre per year of superphosphate figured 
at $2.80 are applied against 500 pounds of rock phosphate valued at $3.50 per 
acre per year. 

For light on the question of residual effect of accumulated phosphorus in 
the soil, attention is called to the results on Plots 4, 6, 8, 9, and 10, where the 
north half-plots are now regularly receiving bone meal, while the south halves 
have received none since 1917. Invariably the net return is higher on the south 
half, thus indicating that the reserve phosphate accumulated in the soil from 
previous applications is still exerting a beneficial effect that is more than ade- 
quate to offset the expense involved in renewed applications. 

By way of a summary of the main lessons brought out at this time by the 
Bloomington experiments, the following statements may be made. 

The results indicate an outstanding phosphorus hunger. 

This phosphorus need is satisfied by the application of either bone meal, rock 
phosphate, or superphosphate. 

There is a pronounced residual effect from previous excessive applications of 
phosphorus carried in the form of bone meal. 


THE MINONK FIELD 


A University experiment field representing the soil type Black Clay Loam 
On Drab Clay is located in Woodford county near Minonk. This field was estab- 
lished in 1910. It comprizes 15 acres of dark-colored prairie soil of loessial and 
drift origin. The experiment plots lie mainly on Black Clay Loam On Drab 
Clay, altho a detailed examination reveals the presence of three other soil types 
distinguishable on account of certain profile characteristics. These are Brown 
Silt Loam, Brown Silt Loam On Calcareous Drift, and Brown Silt Loam On 
Caleareous Clay. 

The field is laid out into four ‘series of 10 plots each. The plots are one- 
fifth acre in size except in Series 100, where they are one-tenth acre. A crop 
rotation of corn, oats, clover, and wheat was practiced until 1923, when it was 
changed to corn, corn, oats, and wheat, with a seeding of hubam clover in the 
oats on all plots and biennial sweet clover in the wheat on the residues plots. 
In 1921 the practice of returning the oat straw on the residues plots was dis- 
continued, and in 1922 the return of the wheat straw was likewise discontinued. 
Up to that time limestone, varying in total quantity from 714 to 9 tons an acre 
on the different series, had been applied. These applications were then sus- 
pended until such time as the need for more lime becomes apparent. The appli- 
cations of rock phosphate were likewise indefinitely suspended in 1923 after 
evening up the total applications to 4 tons an acre on all the phosphate plots. 

The average annual yields of all crops produced since the complete soil 
treatments have been in effect are given in Table 16. 

In looking over these results, one observes from the good yields on the 
untreated plots the naturally high productiveness of this land. There is more 
or less response to farm manure; in the corn the yield is markedly increased by 
its use. Residues alone have likewise increased the yields of the grain crops. 
Limestone seems to have had no material effect on crop yields. Evidently this 
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Taste 16—MINONK FIELD: Summary or Crop YIELDS 
Average Annual Yields 1912-1928—Bushels or (tons) per acre 


Wheat Corn Oats Clover! | Soybeans Stubble clover 

Serial P : 
lot Soil eeu moe | Steet 
No. ae clover 
14 crops | 23 crops | 16 crops 5 crops 4 crops 2 crops 2 crops 
1 Ontieis Once butsls Penang arios eee 30.1 50.2 58.8 (2.58) 19.3 (CS7P2) |G ec 
2 iY (Sores Cn ier in es PEt 33.8 60.6 61.3 (2.81) 20.5 OS) ea 92a 
3 BLD. i RORG Ci ee 32.4 61.0 60.3 (2.74) 21.7 (C2cB NY | Nees 3 
4 MEL sare ac ctec via oo etd eee ee 34.4 61.0 59.2 (2.93) 21.0 ( yee | MNEs 4 
13) Onsen sadist ees 31.4 48.6 55.5 (1.36) 20.7 Car tS OMEN © Ktaca tres 
6 er ame hate ese AE wok ke ORAS 59.3 61.7. (1. 50) 20.6 (sy) (1.19) 
7 Riles. gas. Rak 2 Dee eae ree 30.8 61.1 61.6 (1.51) 19.3 ( .90) (1.16) 
8 RUL PA tes taancs sais een raciers 32.7 62.3 63.0 (1.47) LOR7, (1.06) (1.33) 
9 UDR Kae sie ate Pie aaa 32.0 59.9 63.2 (1.49) 17.2 (1.20) (1.50) 
10 ORs eee wesc A itodtatshetregate 26.1 44.0 55.2 (2.30) 15.3 Ga OS Wiah. sere ee 

Crop Increases 

M Over Onna nia aerate 3.7 10.4 2.5 ( .28) 1.2 (CAVA | erro: 
R OVer0.<.6.. . ce sion ee 2.4 10.7 6.2 Cots) —- .l ( .05) (1.19) 
Mle OVEN UME. 2 ealc-n', mopatshereets => 1.2 4 !— 1.0 |—( .07) 1.2 cosh Oe 8 Ss | eae 
RL over Riis. cceecenacsen — 3.0 1.8 }— .1 ( ..0L). |= oes =i€ 01) —( .03) 
MGR. over MUS an asx rales 2.0 0.0 j-— 1.1 ( .19) |— nif (Coc S ie Re Aeerercie 
REP Sover sR, 552 sever setae 1.9 1:2 1.4 |—( .04) 4 ( .16) @.F%) 
RUPP Mover nie ewe cenit — .7 |— 2.4 2 ( .02) |— 2.5 ( .14) ClD 


1Including some seed evaluated as hay. 


soil does not need lime. The use of rock phosphate has not been profitable 
either in the manure or the residues system. Potassium, as used in these experi- 
ments, has likewise been ineffective. 

These results therefore indicate the advisability of furnishing plenty of 
organic matter, either thru stable manure or thru crop residues, including 
leguminous green manure, as the best practical means, for the present, of im- 
proving the productiveness of this naturally fertile soil. As time goes on, with 
changing soil conditions and shifting market values, the situation may develop 
under which a different recommendation will be warranted. 


. THE HARTSBURG FIELD 


Black Clay Loam as noted on page 17, occupies about 87 square miles in 
Coles county. The results of the Hartsburg field, situated in Logan county 
just east of the town of Hartsburg, are suggestive of the treatments that are 
effective on this type of soil. 

The Hartsburg field was started in 1911. It is laid off in five series of 10 
plots each. The crop rotation up to 1923 was wheat, corn, oats, and clover, with 
alfalfa growing on a fifth series. 

The crops were handled mainly as described on page 42 until:1918 when it 
was planned to remove one hay crop and one seed crop of clover from the residues 


oo 
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Tasie 17.—HARTSBURG FIELD: Summary or Crop YIELps 
Average Annual Yields 1913-1928—Bushels or (tons) per acre 


Stubble clover 
Serial Soil Wheat | Barley Corn Oats Clover |Soybeans] Alfalfa |. 
plot treatment Hubam | Sweet- 
No. applied clover 
13 crops| 1 crop | 24 crops|17 crops| 7 crops | 2 crops | 8 crops | 1 crop 1 crop 
1 OA BIS Jy in, ewe 24.9 35.4 48.1 48.1 584) HCL ZO)s NGS AT) ) | Ce. SS) sieeere 
2 ME. «MRR ICR aural 20%. a 44,2 58.8 52.9 (2.16) (1. 64) (3.67) (TALS). Ue 
3 IVIL, ,. siaderetebs atsta.< itave 34.0 50.0 64.5 58.3 (2.32) (1.82) (3.91) © . OD) Whe penn 
4 AIT Petemeters pate etter. fas 36.2 50.0 63.8 57.8 (2.39) (1.92) (4.19) (Glen A | Peis ee 
5 Mh. Set enter oitec3h8 29.7 42.7 53.3 47.0 (1.28) 25.8 (3.33) CA) Stee, pace 
6 Rees cae s alee a 's.s 32.7 47.5 63.7 53.3 (1.67) 26.8 (3.78) ( .75) ( .85) 
it LHR oe ee 30.1 53.3 66.9 51.3 (1.64) 28.4 (3.45) ( .68) ( .75) 
8 ee ee ME rae. 2 34.3 46.9 67.3 55.4 (1.79) 26.1 (4.04) ( .72) ( .90) 
9 13 OF BEC ca en eee 33.4 55.6 65.4 54.5 (1.70) 26.4 (4.16) ( .80) (1.00) 
10 irate opteMaseos es 30.5 45.8 §2.8 48.0 (2.02) (1.69) (3.20) CUT) Alemeanyen te 
Crop Increases 
2 Wo) <<) 0 ee 4.3 8.8 10.7 4.8 CS2) Giga) Cecs20) 1 (G32) Miler aie 
RROVOTON senate tains 3.0 4.8 10.4 6.3 ( .39) 1.0 ( .45)|} ( .04) ( 85) 
ML over M........ 4.8 8 5.7 5.4 CG) 328) € £24))—(..24) | cc cee 
PUL OVOP Tin sies ae — 2.6 5.8 3.2 |— 2.0 |—(.03) 1.6 —( .33)}—(.07) |—(.10) 
MLP over ML...... 232 0.0 |— .7 |I— .5 C207) | 310) (9528))] \Gra 26) ial revercnerstens 
RLP over RL...... 4.2 |— 6.4 4 4.1 ( .15) |— 2.3 ( .59)} ( .04) ( .15) 
RLPK over RLP.../— .9 8.7 |— 1.9 |— .9 |—(.09) -3 Cre 2) COS Grn O) 


plots. In 1921 it was decided to harvest all the clover as hay. At that time the 
return of the oat straw.to the land was discontinued. In 1922 the return of the 
wheat straw was likewise discontinued. The application of limestone was discon- 
tinued in 1922 after amounts ranging from 71% to 10 tons an acre on the differ- 
ent series had been applied, and no more will be added until further need for it 
becomes apparent. In 1923 the phosphate applications were evened up to a total 
of 4 tons an acre on all phosphate plots, and no more will be applied for an indefi- 
nite period. At that time the rotation on the first four series was changed to 
corn, corn, oats, and wheat with a seeding of hubam clover in the oats on all 
plots, and a seeding of biennial sweet clover in the wheat on the residues plots. 
The rotation was changed also on the fifth series to corn, oats, wheat, and a 
mixture of alfalfa with red clover. The soil treatments are as indicated in 
Table 17, which summarizes by crops the yields for the period during which the 
plots have been under full treatment. 

The outstanding feature of the results on the Hartsburg field is the large 
increases produced by organic manure whether in the form of crop residues or 
stable manure. The behavior of limestone is rather perculiar in that it has been 
more beneficial where applied with manure than where used with residues. Used 
with manure it shows some increase in practically all crops, while with residues 
its effect on several of the crops appears negative. 

-Altho rock phosphate has given some increases in wheat yield in both the 
manure and the residues systems, the results with other crops have been such 
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as to render the use of this material unprofitable on this field. The addition of | 
potassium appears to have produced no significant effect excepting on the one 
barley crop. 


THE TOLEDO FIELD 


As representative of Gray Silt Loam On Tight Clay, the Toledo experiment 
field, which lies only about eight miles south of Coles county, may be taken. This 
field of 17 acres was established in 19138. It was laid out into two separate 
systems of plots, one including four series of ten plots each and the other con- 
taining four series of four plots each. 

On the larger series the plots have been maintained, for the most part, under 
the systems of, cropping and treatment described on page 42. In 1922 the appli- 
cation of limestone was discontinued. The plots had received a total of 614 to 8 
tons an acre on the different series, and no more will be applied until the need 
for lime becomes apparent. Two years later the application of rock phosphate 
was likewise discontinued after a total of 4 tons to the acre had been applied. 

Table 18 presents a summary of the crop yields ineluding the years in which | 
the complete plot treatments have been in effect. The results are characteristic 
of those generally obtained on this gray prairie soil, namely: very poor yields 
on the untreated land and a very high response to limestone and organic matter. 

Manure alone has had relatively little effect and residues alone has had 
even less. 

Limestone has had a very pronounced effect in increasing the yields of all 
crops. 


TasiE 18.—TOLEDO FIELD: Summary or Crop YIELDS 
Average Annual Yields 1914-1928—Bushels or (tons) per acre 


Serial Soil Wheat Corn Oats Clover or | Soybeans Sweet 
plot treatment mixed hay clover 
No. applied 11 crops 15 crops 14 crops 7 crops 3 crops 3 crops 

vt OSes Stee 8.8 21.9 15.1 Cy ( .70) 11 
Dipl Vest tore tsar 10.7 28.6 18.5 ( .22) ( .72) .24 
Sa ei 22.0 40.7 29.7 (1.18) (1.27) 2.45 
be (PAG Wl corte ora 23.4 40.3 30.4 (1.25) (1.21) 2.42 
DS GOS Rian tk we 7.8 76 14.4 (Gee 10) ( .38) 26 
Gia Etec eee eae 9.0 19.3 16.2 (423) ( .47) .53 
iba | PA ROU sneer de Poe ct 20.6 28.6 31.1 (1.35) ( .94) 1.84 
Sis ME aa eee 23.5 29.5 32.3 (1.54) (1.05) are 
Cer RPK eta ne 28.1 41.0 35.7 (1.82) (1.18) 2.48 
10 (Urs eee ener aire 6.8 15.4 15.4 (ALD ( .58) .19 


M Oven: Oke eee 1.9 6.7 3.4 (a2) ( .02) 13 
R Oven. eee ie? 1h? 1.8 (eats) ( .09) Pa 
ML OVer- Mtn ae N83 125 1 i I 7 ( .96) (ORE Gis) ae Al 
RE» be over Red ae 11.6 9.3 14.9 (1.12) ( .47) 1.31 @ 
MEP over Miia 2sne 1.4 —- 4 af ( .07) |—( .06) — .03 ! 
RUPP over hii A 2.9 9 LD, (anl9) (42) — .07 
RERK over RUPS es: 4.6 115 3.4 (328) (RLS) “ah 
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There has been only a very limited response to rock phosphate—not enough 
in either the manure or the residues system to pay for the cost of the material. 

Potassium has produced a beneficial effect on all crops, becoming very pro- 
nounced on the corn. The experiments show only the effect of potassium as used 
in the combination with residues, limestone, and rock phosphate. 


Tillage Experiments 


The second set of plots on the Toledo field has been devoted mainly to an 
investigation in soil tillage, the purpose being to compare the effects of subsoiling, 
deep tilling, and dynamiting with that of ordinary plowing. A crop rotation 
of corn, soybeans, wheat, and sweet clover was adopted, second-year sweet-clover 
stubble being plowed late in the fall for corn. An application of 4 tons of lime- 
stone an acre was made on all plots in 1913; 3 tons were applied for the 1917 
crop, and 2 tons for the 1921 crop. One ton of rock phosphate was applied in 
the fall of 1914, and again in the fall of 1918. 

A summary of the crop yields is given in Table 19. For a detailed account 
of these experiments the reader is referred to Bulletin 258 of this Station, ‘‘ Ex- 
periments with Subsoiling, Deep Tilling, and Dynamiting.”’ 


TasBiE 19.—TOLEDO FIELD: Tinutacr Experiments 
Average Annual Yields 1913-1922—Bushels per acre 


Corn Soybeans Wheat Sweet-clover 
Tillage treatment seed 
9 crops 7 crops 6 crops 6 crops 
Plowed 7 inches deep................ 40.2 16.3 13825 3.68 
Subsoil 14 inches deep................ 41.9 16.2 1259 8.65 
Deep-tilled 14 inches................. 37.4 15,2 10.8 SeLs 
DV OCU tists stabs: ce sry ds gioco 40.3 16.4 BE 4.25 


The conclusions reached from the results of these experiments is that none 
of the special tillage treatments had any beneficial effect on crop yields. Deep 
tilling apparently decreased yields, probably because of the mixing of sub- 
surface and subsoil with the surface soil. 


THE VIENNA FIELD 


Coles county, as indicated in the descriptions of certain of its soil types, 
includes considerable land that is subject to destruction thru erosion or washing. 
Yellow Silt Loam, which occupies about 29 square miles in the county, is par- 
ticularly susceptible to this kind of damage. Operators of land in Coles county 
will therefore be interested in experiments conducted on the Vienna field, in 
Johnson county, to test out different methods of reclaiming badly gullied land 
and preventing further erosion. 

The Vienna field is representative of the sloping, erodible land so common 
in the extreme southern part of the state. When the experiments were started 
the whole field, with the exception of about three acres, had been abandoned be- 
cause so much of the surface soil had washed away, and there were so many 
gullies that further cultivation was unprofitable. For the purpose of the experi- 
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Fig. 9.—PrRoPER Sor, AND CROPPING METHODS WOULD HAVE PREVENTED THIS CONDITION 


This abandoned hillside is just over the fence from the field shown in Fig. 10. Yellow 
Silt Loam is particularly susceptible to this kind of damage. 


ments the field was divided into different sections (see Table 20). These were 
not entirely uniform; some parts were much more washed than others, and 
portions of the lower-lying land had been affected by soil material washed down 
from above. The higher land had a very low producing eapacity; on many spots 
little or nothing would grow. 

Limestone was applied to the entire field at the rate of 2 tons an acre. Corn, 
cowpeas, wheat, and clover were grown in a four-year rotation on each section 
except the one designated as D, which included but three plots. 


TABLE 20.—VIENNA FIELD: Hanpuine Hitisipze LAND To PREVENT EROSION 
Average Annual Yields, 1907-1915—Bushels or (tons) per acre 


Section Method pon ele 
A Terriieeces centers ee ee ee eee 31.4 9.0 ( .68) 
B Embankments and hillside ditches............... 32.4 Ta ( .97) 

C Organic matter, deep contour plowing, and con- 
tour plantings ssc8 aca eee eee eee ere 27.9 ier ( .80) 
D Check. bianchi Gb ee, ae eee ee 14.1 4.6 (521) 


Section A included the steepest part of the field and contained many gullies. The land was 
built up into terraces at vertical intervals of 5 feet. Near the edge of each terrace a small ditch 
was placed so that the water could be carried to a natural outlet without much washing. 

Section B was used to test the so-called embankment method. Ridges were plowed up which 
were sufficiently high so that when there were heavy falls of rain the water would break over and 
run in a broad sheet rather than in narrow channels. At the steepest part of the slope, hillside 
ditches were made for carrying away the run-off. 

Section C was washed badly but contained only small gullies. Here the attempt was made 
to prevent washing by incorporating organic matter in the soil and practicing deep contour plow- 
ing and contour planting. With two exceptions, about 8 loads of manure an acre were turned 
under each year for the corn crop. Ay 

Section D was washed to about the same extent as Section C. It was farmed in the most 
convenient way, without any special effort to prevent washing. 
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Fig. 10.—Corn GROWING ON AN IMPROVED HILLSIDE OF THE VIENNA EXPERIMENT FIELD 


This land had formerly been badly eroded. It was reclaimed by proper soil treatment 
and cropping. Compare with Fig. 9. 


Careful records were kept for nine years. The results, summarized in Table 
20 indicate something of the possibilities in improving hillside land by protecting 
it from erosion. The average yield of corn from the protected series (A, B, and 
C) was 30.6 bushels an acre, as against 14.1 bushels on the check series (D). 
Wheat yielded 11.1 bushels on the protected series, in comparison with 4.6 bushels 
on the check, and clover yielded 44 of a ton on the protected series and but 
Ys of a ton on the check. 

Figs. 9 and 10 serve further to indicate what may be done with this type 
of soil even after it has become badly washed and gullied. 

Altho these results show in principle the possibility of improving this land, 
it cannot be said that the experiments as conducted represent directly the most 
economical system of farming. However, it appears possible that by modifying 
the cropping plan in some manner, as for example, substituting sweet clover for 
cowpeas and giving large place in the farming system to hay and pasture crops, 
production might be substantially increased and thus a system of farming in- 
stituted that would represent a profitable enterprise. 
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List of Soil Reports Published 


Clay, 1911 
Moultrie, 1911 
Hardin, 1912 
Sangamon, 1912 
LaSalle, 1913 
Knox, 1913 
McDonough, 1913 
Bond, 1913 
Lake, 1915 
McLean, 1915 
Pike, 1915 
Winnebago, 1916 
Kankakee, 1916 
Tazewell, 1916 
Edgar, 1917 
DuPage, 1917 
Kane, 1917 
Champaign, 1918 
Peoria, 1921 
Bureau, 1921 
McHenry, 1921 
Iroquois, 1922 


23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 


35 


36 
37 
38 
39 
40 
41 
42 
43 
44 


DeKalb, 1922 
Adams, 1922 
Livingston, 1923 
Grundy, 1924 
Hancock, 1924 
Mason, 1924 
Mercer, 1925 
Johnson, 1925 
Rock Island, 1925 
Randolph, 1925 
Saline, 1926 
Marion, 1926 
Will, 1926 
Woodford, 1927 
Lee, 1927 
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The Soil Survey of Illinois was organized under the general supervision _ 
of Professor Cyril G. Hopkins, with Professor Jeremiah G. Mosier directly 
in charge of soil classification and mapping. After working in association 
on this undertaking for eighteen years, Professor Hopkins died and Profes-_ 
sor Mosier followed two years later. |The work of these two men enters 80 
intimately into the whole project of the Illinois Soil Survey that it is im- 
poszible to disassociate their names from the individual county reports. 
Therefore recognition is hereby.accorded Professors Hopkins and Mosier. 
for their contribution to the work resulting in this publication. 
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INTRODUCTORY NOTE 


It is a matter of common observation that soils vary tremendously in their 
productive power, depending upon their physical condition, their chemical com- 
position, and their biological activities. For any comprehensive plan of soil 
improvement looking toward the permanent maintenance of our agricultural 
lands, a definite knowledge of the various existing kinds or types of soil is a 
first essential. It is the purpose of a soil survey to classify the various kinds of 
soil of a given area in such a manner as to permit definite characterization for 
deseription and for mapping. With the information that such a survey affords, 
every farmer or landowner of the surveyed area has at hand the basis for a 
rational system of improvement of his land. At the same time the Experiment 
Station is furnished an inventory of the soils of the state, upon which intelli- 
gently to base plans for those fundamental investigations so necessary for solving 
the problems of practical soil improvement. 

This county soil report is one of a series reporting the results of the soil 
survey which, when completed, will cover the state of Illinois. Each county 
report is intended to be as nearly complete in itself as it is practicable to make 
it, even at the expense of some repetition. There is presented in the form of an 
Appendix a general discussion of the important principles of soil fertility, in 
order to help the farmer and landowner to understand the significance of the 
data furnished by the soil survey and to make intelligent application of the 
same in the maintenance and improvement of the land. In many eases it will 
be of advantage to study the Appendix in advance of the soil report proper. 

Data from experiment fields representing the more extensive types of soil, 
and furnishing valuable information regarding effective practices in soil manage- 
ment, are embodied in the form of a Supplement. This Supplement should be 
referred to in connection with the descriptions of the respective soil types found 
in the body of the report. 

While the authors must assume the responsibility for the presentation of 
this report, it should be understood that the material for the report represents 
the contribution of a considerable number of the present and former members 
of the Agronomy Department working in their respective lines of soil mapping, 
soil analysis, and experiment field investigation. In this connection special 
recognition is due the late Professor J. G. Mosier, under whose direction the soil 
survey of Macon county was conducted, and Mr. F. W. Wascher, who, as leader 
of the field party, was in direct charge of the mapping. 
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MACON COUNTY SOILS 


By R. 8. SMITH, E. 4. NORTON, E. E. DeTURK, F. C. BAUER, anp L. H. SMITH! 


HISTORICAL REVIEW 


Macon county is located near the center of Illinois. It is rectangular in 
shape, 27 miles north and south by about 21 miles east and west, and comprizes 
581 square miles. The population in 1920 was 65,175, about one-third of which 
was rural. Decatur is the principal town and the county seat. 

Much of the prairie was originally swampy and poorly drained, but sinee 
the establishment of artificial drainage, the excess surface water is quickly re- 
moved and the land is generally well drained. The surface of the county is a 
gently rolling plain broken by narrow belts of more rolling to slightly hilly 
country bordering the major stream valleys. Decatur lake, some 13 miles 
long and covering 514 square miles, which was formed by confining water in the 
Sangamon river bottom land, is a recreational center for the community and 
furnishes the city of Decatur with an adequate water supply. 

Macon county lies near the southern border of the fertile corn-belt section 
of the United States. Its soils are generally dark-colored, rich, and highly pro- 
ductive. The rainfall, temperature, and growing season are favorable for the 
growth of a wide variety of crops. Markets are close at hand and railroad 
transportation, both steam and electric, is so well developed that no farm in the 
county is more than seven miles from a shipping center. Recently built concrete 
roads, more than sixty miles of which radiate in all directions from the county 
seat, are playing an important role in further development. The dirt roads are 
well kept and are good except during the rainy seasons. Many of them are 
coated with oil annually and these seldom break up. The combination of all of 
these favorable factors has produced a highly developed agriculture thruout the 
county. Farm buildings and equipment indicate general prosperity. Educa- 
tional facilities and social life are of the highest type of rural development. 

The first white man to come into the area now included in Macon county 
was Joseph Stevens. He established the first community on the north bank of 
Sangamon river near the present site of the city of Decatur early in the nine- 
teenth century. Most of the early settlers were natives of Kentucky, Tennessee, 
and North Carolina. Following 1820 the population grew rapidly as people 
eame in from Ohio, Pennsylvania, and other eastern states. The more rolling 
parts of the county were settled first, and as fast as the land was drained, the 
entire area became populated. The region was originally part of Shelby county, 
but the present definite boundaries were made in 1829, when Macon county was 
created by an act of the Legislature. The first railroad to be constructed in the 
county was completed in 1852. A rapid expansion in both industry and aeri- 
culture followed. 

1R. S. Smith, in charge of soil survey mapping; E. A. Norton, assistant chief in soil 


survey mapping; EH. E. DeTurk, in charge of soil analysis; I’, C. Bauer, in charge of experi- 
ment fields; L. H. Smith, in charge of publications. 
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AGRICULTURAL PRODUCTION 


Early agriculture in Macon county was confined to raising enough food to 
meet the needs of home consumption. Vegetables, fruits, hay, and cereals were 
the chief crops. Livestock was raised, fattened, and driven overland to St. Louis 
to market. Much of the land remained in grass which served as pasture or was 
eut for hay. Surplus grain crops were not grown in the early days because of 
the lack of a market. Following the completion of railroad connections out of 
Springfield in 1842, some grain was hauled from Macon county and marketed 
there. According to early reports, wheat sold for 28 to 35 cents a bushel, but 
eorn did not usually bring enough to pay for hauling it any distance. For 
the same reason very little oats, rye, or barley was grown. Expansion 
in agriculture was limited by the lack of transportation in this early period. It 
was natural, then, that following the completion of the first railroad in 1852, 
agriculture progressed rapidly. Attention was first given to draining the flat 
prairie land and increasing crop acreage. The area in farms increased from 
30,000 acres in 1850 to more than 200,000 acres in 1870, and by 1880 there were 
nearly 340,000 acres in farms. Shortly after this, all the available farming 
area in the county was being utilized. The number of farms inereased from 
360 in 1850 to 2,872 in 1880, but thereafter there was a gradual decline to 2,441 
in 1925. This decline in the number of farms has been attended by an increase 
in the acreage per farm. In 1880 the average size of farms was 127 acres, 
while in 1925 it was 142 acres. 

The inerease in the value of farms during the period from 1850 to the present 
gives an indication of the rapid development that has taken place in the agri- 
culture of the county. In 1850 the value of farms, including buildings and equip- 
ment, was slightly less than one million dollars. Values increased 4 to 6 million 
dollars every decade from 1850 to 1900, when they jumped from 2714 to 6714 
million dollars. During the World War period, when the average selling price 
of land was more than $300 an acre and some farms sold for more than $400 an 
acre, the value of farm property inereased to more than 120 million dollars but 
has since declined to about 75 million. 

The rapid increase in the area under cultivation is indicated by Fig. 1, 
which shows the acreage in corn, oats, and wheat in certain years during the 
period from 1850 to the present. The corn acreage expanded very rapidly for 
the first thirty years and reached a peak about 1900, when nearly one-half of the 
farm acreage in the county was in corn. Fig. 1 shows the acreage of wheat 
surpassing that of oats in the early period but declining after 1880. The in- 
crease in wheat acreage in 1920 was the result of war stimulation. The acreage 
seemed to regain normalcy by 1922. The total acreage in corn, oats, and wheat 
in 1928 was about 8 percent less than the average from 1900 to 1920. This does 
not mean a falling off in total crop production but rather that more of the acreage 
is being utilized for legumes and other crops. 

The principal crops grown in Macon county are those common to the corn 
belt. The following data, taken from the United States Census of Agriculture 
made in 1925, gives the acreage, production, and yield per acre of the common 
erops for 1924. 
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These census figures are for but a single year, and they will fluctuate from 
season to season, depending largely on climatic conditions. For that reason, the 
average yield over a period of years more nearly represents the conditions. For 
the past ten-year period, the U. S. Department of Agriculture gives the average 
yield of corn as 37.6 bushels; oats, 31.6 bushels; wheat, 18.8 bushels; hay, 1.4 
tons. 

The trend of yields per acre of the common crops in Macon county has been 
slightly upward since 1900. The average yield of corn for the ten-year period 
ending in 1899 was about 30 bushels per acre. The past ten-year period shows 
a 25 percent increase over this figure. The increase for wheat during the same 
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Fig. 1— ACREAGE OF CorN, OATS, AND WHEAT IN Macon County 


The diagram shows the relative acreage devoted to the three principal grain crops at 
‘periodic intervals since 1850. (Figures from U. 8. Census, except for 1928, for which estimates 
of the U. S. Bureau of Agricultural Economics and the Illinois State Department of Agri- 
culture are used.) 
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period has been more than 30 percent and for tame hay about 20 percent, while 
that for oats has been less than 2 percent. The problem connected with variation 
in yields per acre is complex but the above figures indicate that the decrease in 
soil fertility is more than balanced by better farming methods. 

The predominance of acreage given over to the growing of corn and oats, 
as shown in Fig. 2, suggests that more diversification of crops might well be 
practiced if production is to keep pace with waning fertility. In 1928 the 
area devoted to alfalfa increased to nearly 2,000 acres, and that of sweet clover to 
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Fig. 2.—RELATIVE ACREAGE OF Firtp Crops In Macon County, 1924 


The diagram brings out the preponderance of land devoted to the three grain crops, corn, 
oats, and wheat. Legume crops might well occupy a larger proportion of the cultivated 
acreage (data from the 1925 Census). 


nearly 4,000. Soybeans have recently become an important crop, replacing some 
of the oat acreage. In 1928 there were 15,500 acres of soybeans grown in the 
county, 1,500 acres of which were sown with corn. 

Fruit and vegetable crops are not commercially important in Macon county. 
Some trucking is practiced near Decatur. Practically all such products raised 
are consumed on the farm or disposed of locally. In 1925 there were 445 acres 
devoted to vegetables; 185 acres of. white potatoes yielded 17,360 bushels; and 
most of the remaining acreage was in sweet corn. Apples and peaches are the 
most important fruits. Some grapes are grown. 

The number of livestock in the county increased rapidly following 1850, 
but this increase did not keep pace with the increase in grain production so that 
Macon soon became a grain-exporting county. Fig. 3 shows the number of 
horses, mules, cattle, and hogs in the county in certain years during the period 
from 1850 to the present. The increase from 1870 to 1890 was very marked, 
especially in the number of hogs. Between 1890 and 1910 there was a sharp 
decline in total livestock. Since 1910 the number has remained about stationary. 
A notable decrease in the number of horses and mules occurred between 1920.and 
1928. Sheep have never been very numerous in Macon county. There were 
nearly 10,000 head in 1870, but since then the number has decreased considerably. 
There have been fewer than 5,000 in the county since 1920. 


The character of the livestock interests in the county in 1924 \is shown by 
the following figures taken from the Census: 
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Estimates made by the U. 8. Department of Agriculture and the Illinois 
State Department of Agriculture, as of January 1, 1929, indicate that the number 
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Fig. 3.—NUMBER OF HORSES AND MULES, CATTLE, AND Hogs In Macon County 


The diagram shows the relative numbers of the principal classes of livestock at periodic 
intervals since 1850. (Figures from U. S. Census, except for 1928, for which estimates of the 
U. 8. Bureau of Agricultural Economics and the Illinois State Department of Agriculture 
are used. ) 
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Fic. 4.—RELATIVE VALUE OF THE MORE IMPORTANT CLASSES OF FARM ANIMALS IN 
Macon County In 1929 
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of horses and mules in Macon county has decreased nearly 3,000 and that of 
cattle nearly 2,600 since 1925. The number of hogs shows an increase. Fig. 4 
shows the relative value of the more important classes of farm animals in 
1929. The value of all cattle, as shown in Fig. 4, is nearly as) much as that of 
horses and hogs combined. Mules and sheep are of least importance. 


CLIMATE AND PHYSIOGRAPHY 


The climate of Macon county, which is typical of the central part of Illinois, 
is characterized by a wide range between the extremes of winter and summer 
and by an abundant, usually well-distributed rainfall. The greatest range in 
temperature for any one year of the thirty-four year period, 1895 to 1929, as 
recorded at thé*Weather Bureau Station located in Decatur, was 126 degrees in 
1918. The highest temperature recorded was 109° in 1901, the lowest 25° below 
zero in 1905. The mean summer temperature is about 74° ; the mean winter, 29° ; 
and the mean annual, about 52°. The average date of the last killing frost in 
the spring is April 23; the earliest in fall is October 13. The average length of 
growing season is 173 days, which is ample for the maturing of the common crops 
grown in the region. Early frost following a backward season has produced soft 
corn several times during the last decade, but usually the corn ripens before 
killing frost comes. Winter wheat is often injured, particularly on flat land, 
owing to a sudden drop in temperature and consequent freezing following a 
rainy period in winter or early spring. A short period of extreme hot weather 
occasionally cuts the yield of small grains in early summer. The temperature 
in general is, however, favorable for crop growth and maturity. 

The prevailing wind direction in spring and summer is southwest; in winter, 
northwest. Spring winds are usually brisk and those of summer more gentle ex- | 
cept before thunder storms. Macon county lies within the region subject to tor- 
nadoes but none resulting in serious destruction are known to have visited the 
county. A series of strong northwesterly gales which bring cold waves, followed 
by periods of relative calm, characterize the winds of winter. 

The average annual rainfall, as recorded at Decatur for the last 34-year 
period, is 38.07 inches. About half of this amount falls during the growing 
season. The wettest year on record, 1927, had a total rainfall of 60.58 inches, 
while 1926 had a total of 58.68 inches. The driest year on record, 1914, had a 
total rainfall of 25.10 inches. As an illustration of extremes, it is noted that 
16.56 inches of rain fell in September, 1926, and only .07 inch in November, 
1904. Rainfall in Macon county is so well distributed that there has never been 
a severe drouth. Occasionally twenty to thirty days pass without much rain so 
that crop yields are reduced and meadows and pastures are short, but the subsoil 
has never been thoroly dried out so that plant roots could not obtain moisture. 
Fig. 5 shows the average monthly distribution of rainfall in the county. Much 
of the precipitation of the winter months is snow. The average annual snowfall 
in the county is about 23 inches. Sleet storms are not uncommon. Occasional 
hailstorms occur in early summer but damage as a result of them is usually local. 

The rate at which the rain falls has an important bearing both on moisture 
available to plants and on soil erosion. No records on the rate of rainfall are 
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Fig. 5—THE AVERAGE MONTHLY DISTRIBUTION OF RAINFALL IN MAcon CouNTY 


It will be noted that the more abundant rainfall occurs mainly during the growing 
season. This, of course, is favorable to crop production. 


available but much of the water which falls, from both prolonged spring rains 
and hard dashing thunder showers in summer, is perhaps more destructive than 
beneficial. Several rains of that kind occur in this section almost every year. 
The control of erosion on cultivated areas, particularly on rolling land, is a 
serious problem. The accumulation of temporary ponds on flat land following 
hard rains damages crops by drowning. Losses from erosion and drowning were 
particularly noticeable during the wet years of 1926 and 1927. 

The general elevation of Macon county is between 600 and 700 feet above 
sea level. The advance and deposit of the last ice sheet to cover central Illinois 
built up a ridge, the Shelbyville moraine, back of which the land level is some 
70 feet higher than below the moraine. This ridge is about three miles wide, 
extending in a north-south direction just west of the center of the county. The 
ridge has rolling topography, but otherwise the county is flat to gently rolling 
except for the narrow rolling strips adjacent to the principal drainage courses. 
Here the present topography is the effect of erosion. There are two particularly 
flat-lying regions in the county located in the northwestern and southeastern 
parts. All the land except a very narrow belt adjoining the Sangamon river 
bottom land northeast of Decatur can be cultivated. The altitudes of a few 
towns in Macon county are as follows: Argenta, 692 feet above sea level; Blue 
Mound, 620; Decatur, 678; Hervey City, 699; Macon, 727; Maroa, 720; Niantic, 
606; Oakley, 692; Warrensburg, 709. 

Natural drainage in Macon county is fairly well established. Sangamon 
river and its tributaries drain all but a few sections in the southeast part of the 
eounty. Drainage in this area is southeast into Kaskaskia river. The south- 
western part of the county drains into South Fork which empties into Sangamon 
river in Sangamon county. The northwestern part of the county drains into 
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Lake Fork, a tributary of Salt creek, which flows west emptying into Sangamon 
river about 30 miles west of the county line. Fig. 6 shows the stream courses, 
main dredges, and other physiographic features of Macon county. 

Much of the original prairie surface in the county was wet and numerous 
shallow ponds existed because of the lack of an outlet for the water. The exten- 
sion of natural drainage lines by dredges and ditches has provided proper outlets 
and this, in addition to tile, has made the land generally well drained. There 


EARLY WISCONSIN TILL SHEET 


Fic. 6—DRAINAGE Map oF Macon Country SHOWING STREAM COURSES AND OTHER 
PHYSIOGRAPHIC FEATURES 


are a few areas, particularly in the northwestern part of the county, which are 
not yet perfectly drained. Excessive rainfall still causes some damage in the 
flatter parts of the county because artificial drainage was provided to care for | 
only a moderate amount of run-off. 


The soils in the county as a whole are ‘of such nature as to allow freedom — 
of water movement, provided a drainage outlet is established. There are a few 
areas in the northwestern part of the county and south of the town of Macon — 
with sticky, plastic, and tight subsoil. Special attention must be given to surface 
ditching to remove excess surface water on these areas, as the subsoil is but | 
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slowly pervious to water and tiling alone is not adequate. Except for these few 
areas, all soils in the county can be properly drained by tiling and good soil 
moisture conditions maintained. 


SOIL FORMATION 
ORIGIN OF SOIL MATERIAL 


The most important period in the geological history of the county, from the 
standpoint of soil formation, was the Glacial epoch. The sequence of events 
of earlier earth history which led to the formation of the bed rock foundation 
underlying this area is of minor importance because the source of mineral ma- 
terial for the soils as well as the present topography is largely the result of 
glacial action. It is sufficient to know that the bed rock was formed and elevated 
to its present position during some remote geological era. The bed rock surface 
was subject to the forces of rock destruction and removal for an extended period 
during which the country became rough and broken in character. The hills and 
valleys produced as a result of erosion were not well suited to agriculture and 
were in great contrast to the present lay of the land. During the Glacial epoch 
the material that later constituted the mineral portion of the soils was deposited 
and the present topography formed. 


At the time of the Glacial epoch the climate was colder than at present and 
snow and ice accumulated in regions to the north in such an amount that the mass 
pushed outward from these centers. The movement advanced, chiefly southward, 
aided by further accumulations of snow at its margin, until a place was reached 
where the climate was warm enough to melt the ice as rapidly as it advanced. In 
moving across the country from the far north, the ice gathered up all sorts and 
sizes of materials, including clay, sand, gravel, boulders, and even immense 
masses of rock. Some of these materials were carried hundreds of miles and 
rubbed against surface rocks and each other until largely ground into powder. 
The greater part of material carried was derived from the old eroded bed rock 
surface and usually deposited less than fifty miles from its origin. When the 
ice sheet, or glacier, reached the limit of its advance, the rock material carried 
by it accumulated along the front edge in a broad undulating ridge or moraine. 
With rapid melting, the glacier receded and the material was deposited somewhat 
irregularly over the surface of the area previously covered. The advance and 
recession of the glacier were not uninterrupted movements but were complex in 
character. Local oscillations of the ice were frequent. The mixture of materials 
deposited by the glacier is known as boulder clay, till, glacial drift, or simply 
drift. The average depth of this deposit over the state of Illinois is estimated 
at 115 feet. 

At least six great ice sheets moved southward, each of which covered a part 
of North America, altho the same parts were not covered during each advance. 
The advance and retreat of these individual ice sheets were separated by long 
periods of time during which the climate was normal and the country clothed 
with vegetation. At least two and perhaps more of the glaciers reached Macon 
county. The Illinoian glaciation completely covered the county and buried or 
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destroyed the deposits which might have been left by an earlier ice sheet. The 
last glaciation, known as the Wisconsin, advanced from the northeast across the 
eastern two-thirds of the county. Its terminus is marked by the broad undulating 
ridge, known as the Shelbyville moraine, which crosses the county in a north- 
south direction west of its center (see Fig. 6). This ice sheet deposited from 50 
to 120 feet of material over that part of the county which it crossed and on top 
of the deposit left by the Illinoian. This explains the general higher elevation 
of the eastern part of the county. Another ridge, known as the Cerro Gordo 
moraine, was built up during the recession of the Wisconsin glaciation. This 
moraine enters the county northeast of Oakley and extends in a southwesterly 
direction, disappearing a few miles north of Casner (see Fig. 6). The topog- 
raphy of that part of the county not covered by the Wisconsin ice sheet is more 
level and except for a few isolated mounds, such as those one mile west of Blue 
Mound, the surface is generally flat. The general effect of these glaciers was to 
change the surface from hilly to gently undulating by filling in the valleys and 
rubbing down the hills. 

Associated with the withdrawal of an ice sheet and exposure of the deposited 
material to weathering forces was the accumulation of a silty wind-blown material 
on top of the drift. This wind-blown material is called loess. It was derived 
largely from the sediment deposited from the immense volumes of water flowing 
from the ice sheet. This water filled the drainage channels and overflowed adja- 
cent lowlands, forming terraces. Following each flood state, the water would 
recede and sediment which had been deposited would be picked up by the wind 
and redeposited on the upland. Undoubtedly some fine material was left on the 
surface of the drift deposit and more accumulated as the coarser drift particles 
were broken down. This was blown about by the wind, collecting on the south | 
and west sides of ridges and other obstructions. The lack of vegetation on the 
land following the recession of an ice sheet gave the wind much more force near 
the surface than it otherwise would have had. 

Most of the loess in that part of the county covered only by the Illinoian 
glacier was deposited during the time the Iowan ice sheet was melting. The 
Iowan glacier advance followed the Illinoian and preceded the Wisconsin. It 
did not touch Macon county but furnished much sediment to the stream valleys 
from which it was blown across the county. This deposit in turn was partly 
covered by drift from the Wisconsin glacier. The melting of the Wisconsin ice 
sheet furnished little sediment to streams so that the loess cover over its deposit 
is shallow and was largely derived from weathered and fine material on the 
surface of the drift itself. The thickness of the loess cover overlying the Illinoian 
drift in the western part of the county varies from 4 to 7 feet, and averages about 
514 feet. The loess deposit on the Wisconsin drift seldom exceeds 3 feet and 
often is entirely absent. 


SOIL DEVELOPMENT 


The loess and drift deposits constitute the parent material from which the 
soils as we know them today have been developed by the forces of weathering. — 
When first deposited, the physical and chemical composition of the loess is very — 
uniform ; the drift is less uniform. With the passing of time the various weath- 
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ering forces bring about differences in both the physical and chemical composition 
of the material from the surface down. As these differences develop, the soil 
profile takes form, and layers, strata, or horizons are formed which are commonly 
designated as surface, subsurface, and subsoil. 

In addition to these vertical differences, horizontal differences also appear 
so that the soil of one area differs from that of another if the environments of the 
two areas have been different. 

The weathering forces therefore bring about the formation of soils from the 
original parent material. Each soil is made up of layers or horizons and the 
character of these layers determines the character of the soil. Thus we have 
developed soil individuals or soil types. These types differ each from the other 
either because of differences in the environment under which they were deyvel- 
oped, as, for example, height of the water table; or because of differences in the 
character of the original parent material. 

Oxidation, solution, and leaching are important weathering processes. In 
addition to these, there are others such as freezing and thawing, the action of 
plant roots and of animals, that have an important part in soil development. 

Macon county is geologically so young that the weathering forces have not 
had time to develop the soils fully and as a result soils are found which are spoken 
of as young or immature. These soils, because of their youth, still retain a large 
proportion of the elements of plant food originally present in the parent material. 
Limestone, which is readily leached, is still present in abundance in the lower 
subsoil of most of the soil types, tho it has been leached from the surface and 
subsurface and from the upper subsoil of most of them. The youngest soils in 
the county are found in the bottoms. The youth, or lack of development, of these 
soils is explained by the fact that they are subject to frequent overflow and dep- 
osition of sediment. 


SOIL GROUPS 
The accompanying colored soil map, shown in two sections, gives the loca- 
tion and boundary of each soil type, and indicates the position of streams, roads, 
railroads, and towns. Table 1 gives the list of soil types, the area of each in 
square miles and acres and also the percentage each constitutes of the total area 
as recorded on the map. The soil types are arranged into groups in accordance 


_ with the geological province in which they are located, the upland soils being 


further separated on the basis of original vegetative cover. These groups are 
as follows: 

Upland Prairie Soils, dark-colored and usually rich in organic matter, the 
organic matter having been derived from the decaying roots of the wild prairie 
grasses which occupied this land for thousands of years. 

Upland Timber Soils, those zones along stream courses over which forests 
grew for a long period of time. These contain in general less organic matter 


than the prairie soils. 


Terrace Soils, including bench lands and second bottoms formed by deposits 


from flooded streams overloaded with sediment, perhaps at the time of the melt- 


ing of the glaciers. 
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Swamp and Bottom-Land Soils, including the overflow lands or flood plains 
along streams, the swamps, and the poorly drained lowlands. 


The soils of Macon county were surveyed and mapped during the summer 


of 1914. During the years which have elapsed since the map was made, continued 
field study and correlative laboratory work have materially increased the knowl- 


TaBLE 1.—So1n Types or Macon County, ILLINo1s 


Soil Area in Area Percent 
type Name of type square in of total 
No. miles acres area 
Upland Prairie Soils (400, 900, 1100) 
426 
O26 eas Browmmir Sli wls0 a ibeeewne re clerert fi). psy ertas rae fe fean ie 375.91 240 582 64.71 
1126 
420 
O20 aie lack Orpyalso sn sokeL Ae af eic lees a nssnne canes: 107.71 68 934 18.54 
1120 ° 
428 
928} | Brown-Gray Silt Loam.On Tight Clay...... 3.56 2 278 .61 
1128} 
460 
060)})| “Brown Sandy Woamrnr ses one pesca ese eee .39 250 07 
1160 =a 
487.57 312 044 83.93 
Upland Timber Soils (400, 900, 1100) 
434 
934+ | Yellow-Gray Silt oam...................- 45.27 28 973 7.79 
1134 
435 
O35 nll dN C1LO Wiss belG@ aux lente Menem feb, = cee, ea aco ee 20.05 12 832 3.45 
1135 
465 ; 
S6Ds), Yellow Sandyalionmates. esse as ones tan .48 307 .09 
1165 
464 
964} | Yellow-Gray Sandy Loam................. 08 51 .02 
1164} 
65.88 42 163 11.35 
Terrace Soils (1500) 
1536 Yellow-Gray Silt Loam Over Sand or Gravel 1.13 723 .18 
1527 | Brown Silt Loam Over Sand or Gravel..... .61 390 ala! 
1566 | Brown Sandy Loam Over Sand or Gravel... .03 19 -O1 
icles 1 132 .30 
Swamp and Bottom-Land Soils (1400) 
1454. | Mixed Loanteumcereaae err artecnane nec 14.31 9 158 2.46 
1426) 71 Deep Brownteiltoam seen eee mien need 2 55 VAN) 3 648 98 
1401 Deep Peatis eer eee act chee acts nee eet . 04 26 .O1 
20.05 12 832 3.45 
Laks 45h Stee ce Rae ere ee 5.62 3 598 .97 
Total itan i aes ee anE e cle 580.89 371 769 100.00 


Including associated types described in the text but not differentiated on the map. 
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edge of soils, particularly with reference to classification. The use of soil char- 
acters not previously recognized has made it possible to separate soils into more 
definite units, each having distinct characteristics and differing from one another 
in agricultural value, and in treatment and fertilizer requirement. At the pres- 
ent time several of the types shown on the map, notably Brown Silt Loam, Black 
Clay Loam, and Yellow-Gray Silt Loam, would each be divided into several 
types having definite characteristics. An inspection of the soils of Macon county 
was made just prior to the publication of this report and in the following dis- 
cussion these new separations, even tho not shown on the map, are described in 
such a way that it should not be difficult to recognize each one in the field. 

For explanations concerning the classification of soils and further interpre- 
tation of the map, the reader is referred to the first part of the Appendix to 
this report. ° 


INVOICE OF THE ELEMENTS OF PLANT FOOD 
IN MACON COUNTY SOILS 


Three Depths Represented by Soil Samples 


In the I1hnois soil survey each soil type is sampled in the manner described 
below and subjected to chemical analysis in order to obtain a knowledge of its 
important plant-food elements. Samples are taken, usually in sets of three, to 
represent different strata in the top 40 inches of soil, namely: 

1, An upper stratum extending from the surface to a depth of 6% inches. This 


stratum, over the surface of an acre of the common kinds of soil, includes 
approximately 2 million pounds of dry soil. 


2. A middle stratum extending from 6% to 20 inches, and including approximately 
4 million pounds of dry soil to the acre. 


3. A lower stratum extending from 20 to 40 inches, and including approximately 
6 million pounds of dry soil to the acre. 


By this system of sampling we have represented separately three zones for 
plant feeding. It is with the upper, or surface layer, that the following discus- 
sion is mostly concerned, for it includes the soil that is ordinarily turned with 
the plow and is the part with which the farm manure, limestone, phosphate, or 
other fertilizing material is incorporated. Furthermore it is the only stratum 
which ean be greatly changed in composition as a result of adding fertilizing 
materials. 

- For convenience in making application of the chemical analyses, the results 
presented in Tables 2, 3, and 4 are given in terms of pounds per acre. It is a 
simple matter to convert these figures to a percentage basis in case one desires 
to consider the information in that form. In comparing the composition of the 
different strata, it must be kept in mind that it is based on different quantities 
of soil, as indicated above. The figures for the middle and lower strata must 
therefore be divided by two and three respectively before being compared with 
each other or with the figures for the upper stratum. 
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Wide Range in Organic Matter and Nitrogen 


It can be readily seen from Table 2 that there is a wide variation among 
the different soil types of Macon county with respect to their|content of the 
different plant-food elements in the upper 6%% inches of soil. The most striking 
relationship among these variations is observed with respect to organic carbon 
and nitrogen, the quantities of which run parallel from type to type tho the 
organic-carbon content is usually 10 to 12 times as great as the nitrogen. This 
relationship between organic carbon and nitrogen is explained by the well- 
established facts that all soil organic matter (of which organic carbon is the 
measure) contains nitrogen, and that most of the soil nitrogen—usually 98 
percent or more-+is present in a state of organic combination, that is, as a part 
of the organic matter. 

The upland prairie soils of Macon county are, for the most part, relatively 
high in organie matter and nitrogen, while the upland timber soils are fairly low, 
there being no overlapping in the two groups with respect to these constituents. 
This difference is noticeable, not only in the surface soil, but in the middle and 
lower strata as well. In addition to the upland timber types, Brown Sandy Loam 
as found both in the upland-prairie group and on the terrace is noticeably low 
in its content of organic carbon and nitrogen. Sandy soils, owing to their porous 
character, permit the rapid oxidation of organic matter, so that its accumulation 
is more difficult than in heavier soils. 

All of the soils of the county diminish rapidly in their content of both 
organic matter and nitrogen with inereasing depth. This diminution is notice- 
able in the second stratum, 624 to 20 inches, and is very pronounced in the 
lower stratum, 20 to 40 inches. 


Phosphorus Lower in Light-Colored Soils 


The total phosphorus content varies somewhat from type to type. As with 
organic matter and nitrogen, it is noticeably low in the light-colored upland 
timber soils and in Brown Sandy Loam. The least amount, 540 pounds per acre, 
occurs in Yellow Sandy Loam, the type which is also lowest in nitrogen and 
organic carbon, while the greatest amount of phosphorus, 1,640 pounds per 
acre, is found in Black Clay Loam, the type which shows the largest amounts 
of nitrogen and organic carbon. There is a tendency for the phosphorus content 
of soils to parallel the organic carbon to some extent, but not closely as does nitro- 
gen. Phosphorus, in contrast with some other elements, is not appreciably re- 
moved from the soil by leaching. It is converted by growing plants into organic 
forms and tends to accumulate in the surface soil in plant residues at the expense 
of underlying strata. Investigations at the Illinois Station have shown that in 
Brown Silt Loam, for example, about 33 percent of the total phosphorus of the 
surface soil is organic, and in Black Clay Loam about 37 percent. It is the second 
stratum which furnishes most of the phosphorus thus moved upward. Conse- 
quently, the phosphorus percentage is generally higher in the surface soil than in 
the second stratum, and frequently higher than in the lower stratum. It is the 
upland timber soils, which do not accumulate much organic matter in the surface 
stratum, that constitute the chief exceptions to this general trend. 
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Sulfur Generally Well Supplied 


Sulfur, another element used by growing plants, is likewise associated to 
some degree with organic carbon. This is because a considerable tho varying 
proportion of the sulfur in the soil exists in the organic form, that is, as a con- 
stituent of organic matter. The soils of Macon county contain from less than 
one-half to about three-fourths as much sulfur as phosphorus, the amount in the 
surface soil ranging from 270 to 1,080 pounds per acre. Like phosphorus, the 
sulfur content generally decreases with depth, partly because a portion of the 
sulfur is organic, and organic matter decreases with depth, and partly because 
organic sulfur is less subject to leaching than calcium sulfate (gypsum), the 
chief inorganic form found in soils. 

The quantity of sulfur available to crops is determined not only by the soil 
supply, but also by the amount brought down from the atmosphere by rain. 
Sulfur dioxid escapes into the air in the gaseous products from the burning of 
all kinds of fuel, particularly coal. The gaseous sulfur dioxid is soluble in 
water and consequently is dissolved out of the air by rain and brought to the 
earth. In regions of large coal consumption, the amount of sulfur thus added 
to the soil is relatively large. At Urbana during the eight-year period from 
1917 to 1924 there was added to the soil by the rainfall an average of 3.5 
pounds of sulfur an acre a month. Similar observations have been made in 
other localities for shorter periods. The precipitation at various points in the 
state in a single month is found to vary from a minimum of 34 of a pound to 
more than 10 pounds an acre. 

These figures afford some idea of the amounts of sulfur added by rain, and 
also of the wide variations in amount under different conditions. Considering 
the amounts which are brought down in rainfall in addition to the soil supply, 
the facts would indicate that apparently there is little or no need for sulfur 
fertilizers in Macon county. In order to determine definitely the response of 
erops to applications of sulfur fertilizers, experiments with gypsum have been 
started on a number of experiment fields in various parts of the state. 


Potassium Content Comparatively Uniform 


The potassium content of Macon county soils shows relatively less variation 
from type to type than any other element studied. The average amount in the 
surface soil is approximately 32,000 pounds an acre, and the entire range thru 
all the types in the county is from a minimum of 24,140 pounds up to 37,660 
pounds per acre. The potassium concentration in the soil at different depths 
likewise shows very little variation. | 


Wide Variations in Calcium and Magnesium 
Soils generally exhibit wide variations in calcium and magnesium content, 
and this is found to be the case in Macon county. In the surface soil magnesium 
varies from a minimum of 2,860 pounds per acre in Yellow Sandy Loam to 
15,250 pounds in Black Clay Loam. This latter type also contains the highest 
amount of calcium found in the county, namely, 22,330 pounds an acre, while 
the minimum, 5,120 pounds an acre, occurs in Brown Sandy Loam, Terrace. 
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Aside from the calcium which may be in solution in the soil water, soil 
calcium exists primarily in three forms. Calcitwm-aluminum silicates are com- 
plex soil minerals which decompose but slowly and furnish but, seant amounts 
of soluble calcium for plant growth. This is the form which predominates in 
most soils, particularly those which are highly acid. Calcium may be deficient 
as a plant-food element in such soils, so that the supplying of this element may be 
one of the benefits of liming. Calcium also occurs in association with the soil 
colloids (the finest of the clay particles), where it is absorbed; this is known 
as replaceable calcium, and is much more easily obtainable by growing plants 
than the mineral form above mentioned. It is found more abundantly in the 
soils which are non-acid or only slightly acid. Types are oceasionally found 
that grow sweet’ clover luxuriantly because of the abundance of replaceable 
calcium which they contain, even tho they may be distinetly acid. Calcium 
carbonate, the form contained in limestone, is the third form of caleium in soils. 
It occurs only in alkaline (sweet) soils. Black Clay Loam in Macon county 
usually carries calcium carbonate in all three strata. This is indicated by the 
high calcium content shown in Tables 2, 3, and 4, which, it will be noted, becomes 
increasingly greater in passing from the upper to the lower stratum. This down- 
ward movement of dissolved calcium carbonate in the soil water is a result of 
leaching and accounts for its greater concentration at lower depths. Some in- 
crease in total magnesium accompanies the high calcium of these carbonate- 
containing strata. The increases are not great, however, because of the inability 
of magnesium to exist long in the soil in the form of carbonate. The carbonate of 
earbonate-containing soils is chiefly calcium carbonate. 

In the upland soils variations in the amounts of calcium and magnesium 
at the different depths give some indication of the relative movement of these 
elements in soil formation. In the surface soil the calcium usually exceeds the 
magnesium in amount, as a result of the preponderance of calcium in the soil- 
forming materials. As these two bases are carried downward in solution, mag- 
nesium is more readily absorbed than calcium by the soil colloids, so that with 
increasing depth there is an increasing proportion of magnesium to calcium. 
This change is more pronounced in the mature soils such as Brown-Gray Silt 
Loam On Tight Clay, where the ratios of magnesium to calcium in the upper, 
middle, and lower strata, are, respectively, .76, .94, and 1.48. That is, in the 
surface soil there is only about three-fourths as much magnesium as calcium. 
In the second stratum these two elements are about equal, while in the lower 
stratum there is about one and one-half times as much magnesium as calcium. 
In youthful soils, where the leaching has been less intense or less prolonged, the 
ratio of magnesium to calcium shows little or no increase in the lower levels. 
For instance, in Black Clay Loam the ratios of magnesium to calcium are, in 
the three respective strata, .69, .74, and .56. Here the drop in the relative 
amount of magnesium in the lower stratum is an expression of the calcium ear- 
bonate accumulation noted above. It is worth while to note that the 
two sandy types in this county show neither an appreciable increase in the 
amount of calcium or magnesium with increasing depth, nor a change in the 
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ratio of these elements to each other. These soils contain so little colloidal 
material that they have but little ability to absorb these bases as they are carried 
downward by percolating water. 

From these observations, it is obvious that at least some of the various 
processes involved in soil development are definitely reflected in the chemical 
properties of the soil itself. These, in turn, may be related to agricultural 
utilization and fertility requirements. 


Local Tests for Soil Acidity Often Required 


It is impracticable to attempt to obtain an average quantitative measure of 
the caleium-earbonate content or the acidity of a given soil type because, while 
some samples will contain large amounts of calcium carbonate (as in some sub- 
soils of Macon county), others will contain none, but on the other hand, may 
have a lime-requirement due to the soil acidity. We thus have what may be 
considered positive and negative values ranging, perhaps widely, on the opposite 
sides of the zero or neutral point. The numerical average of such values could 
have no significance whatever, since such an average would not necessarily even 
approach the condition actually existing in a given farm or field. It is for this 
reason that the tables contain no figures purporting to represent either the lime 
requirement or the limestone present in the different soil types. 

The qualitative field tests made during the process of the soil survey are 
much more numerous than the chemical analyses made in the laboratory, and 
do give a general idea of the predominating condition in the various types as to 
acidity or alkalinity. These tests, therefore, furnish the basis for some general 
recommendations which are given in the descriptions of individual types on 
pages 21 to 29. To havea sound basis for the application of limestone the owner 
or operator of a farm will usually find it desirable to determine individually the 
lime requirements of his different fields. The section in the Appendix dealing 
with the application of limestone (page 38) is pertinent and should be read in 
this connection. 


Supplies of Elements Not Proportional to Crop Removal 


In the foregoing discussion we have considered mainly the amounts of the 
plant-food elements in the surface 6%% inches of soil, and rather briefly the 
relative amounts in the two lower strata. We have noted that some of the 
elements of plant food exhibit no consistent change in amount with increasing 
depth. Other elements show more or less marked variation at the different levels, 
the trend of these variations serving in some cases as clues to the relative maturity 
of different soil types and the processes involved in their development. 

By adding together the figures for all three strata for a given type, we have 
an approximate invoice of the total plant-food elements within the feeding range 
of most of our field crops, since the major portion of their feeding range is 
included in the upper 40 inches. One of the most striking facts brought out of 
this consideration of the data is the great variation within a given soil type in 
the relative abundance of the various elements present as compared with the 
amounts removed by crops. In one of the important types in the county, Brown 
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Silt Loam, Upland, we find that the total quantity of nitrogen to a depth of 40 
inches is 14,190 pounds. This is about the amount of nitrogen contained in the 
same number of bushels of corn. The amount of phosphorus is approximately 
one-third as much, or 4,480 pounds, but this amount is equivalent to the phos- 
phorus in nearly twice as much corn, namely, 26,350 bushels. In the surface 
stratum, however, which is the zone of most intensive crop feeding, we find the 
relative amounts of nitrogen and phosphorus more nearly in accord with the 
rate of removal of these elements by crops. Here the nitrogen is equivalent to 
4,200 bushels of corn, and the phosphorus to 5,500 bushels. 


TaBLE 2.—MACON COUNTY SOILS: Prant-Foop ELEMENTS IN UPPER SAMPLING 
Stratum, Asout 0 To 624 INcHES 
Average pounds per acre in 2 million pounds of soil 


Soil Total | Total | Total Total | Total 
: : : Total Total 
type Soil type organic | nitro-| phos- potas- |magne- : 
No. earbon | gen |phorus sulfur sium | sium calcium 
Upland Prairie Soils (400, 900, 1100) 
ao 
926 Browo silt Goals. sak oe. 51 180) 4 200 940 690} 35 209} 7 190) 9 890 
1126 
13) Black Clay, Bodmer. o- 67 100} 7 300} 1 640) 1 080) 33 770) 15 250] 22 330 
1120 
428 | Brown-Gray Silt Loam On 
Dight Clave seepewsach 1 see 38 430) 3 370} 1 060 670} 33 510} 5 210} 6 840 
460 Brown Sandy Loam........... 22 360} 1 500 600 320} 26 540} 3 580} 6 180 
Upland Timber Soils (900, 1100) 
ea Yellow-Gray Silt Loam........ 20 630/11 770; 660] 500] 35 730| 4 830| 7 330 
or Yellow Silt Loam............. 21 350] 1 900] 690} 270] 33 870] 5 940| 7 180 
tee Yellow-Gray Sandy Loam!... ..}... 22.0)... cesc)ees ee s|e een «/d)s 00 cee en ned hn ers 
965 | Yellow Sandy Loam.......... 17 800} 1 400} 540] 380} 27 580) 2 860} 6 560 


Terrace Soils (1500) 


1527 | Brown Silt Loam Over Gravel .| 42 080} 4 020) 960) 860} 36 000} 6 500) 7 040 
1536 | Yellow-Gray Silt Loam Over 

STA Vel’ ee ee eee 31 720} 2 480] 1 060) 420) 37 660} 5 020) 8 320 
15660) |. brown sandy, Loamyene acer 24 040} 1 800; 720} 440] 24 140) 4 100} 5 120 


Swamp and Bottom-Land Soils (1400) 


‘10 960 


3 600 


520 


31 580 


“7 620 


1401 DeepuPeat. phy ahem 
1426 Brown voanemecnes teeere 
1454 Mixed selloamn? awsae eine een: 


LIMESTONE and SOIL ACIDITY.—In connection with these tabulated data, it should be 
explained that the figures for limestone content and soil acidity are omitted not because of any 
lack of importance of these factors, but rather because of the peculiar difficulty of presenting in 
the form of general numerical averages reliable information concerning the limestone require- 
ment for a given soil type. A general statement, however, will be found concerning the lime 
requirement of the respective soil types in connection with the discussions which follow. 


43 160 


‘1 240 


1No samples - were collected representing Yellow-Gray Sandy Loam and Deep Peat because of 
the limited area in the county occupied by these types. See pages 27 and 29. “4 

*The results of chemical analyses of Mixed Loam are not included on account of the hetero- 
geneous character of this type. 
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Other types show marked contrast to Brown Silt Loam, just discussed, with 
respect to their content of the various plant-food elements in relation to rate of 
removal by crops. However, in most soils, except those which are peaty, total 
phosphorus is more abundant than total nitrogen when considered in terms of 
crop equivalents rather than the actual number of pounds an acre of the re- 
spective elements. 


Service of Chemical Investigations in Soil Improvement 


The foregoing discussion should not be taken to mean that it is possible to 
predict how long any certain soil could be cropped under a given system before 
it would become exhausted. Nor do the figures alone indicate the immediate 
procedure to be followed in the improvement of a soil. It must be kept in mind 
that the amount of plant food shown to be present is not the sole measure of 


TaBLE 38.—MACON COUNTY SOILS: Puiant-Foop ELements in Mippib SAMPLING 
Stratum, Asour 624 To 20 INcHES 
Average pounds per acre in 4 million pounds of soil 


Soil Total | Total | Total 


a0 Z Total Total | Total Total 
type oil type organic | nitro- | phos- | potas- |magne- 3 
No. earbon | gen |phorus sulfur sium | sium ealcium 
Upland Prairie Soils (400, 900, 1100) 

426 
926 Brown silt LOAM, ........0..: 66 880) 5 920) 1 560) 1 100) 70 980) 17 920) 19 030 
1126 
Lind} | Black Clay Loam............. 72 900| 6 830| 2 600] 1 410] 68 050] 31 500] 42 420 
428 | Brown-Gray Silt Loam On 

ADIGA (CHCA ea 38 400} 3 140) 1 420 720} 71 880} 12 460) 13 240 
460 Brown Sandy Loam........... 24 000} 1 650} 1 200 680| 54 360) 8 200} 10 360 

Upland Timber Soils (900, 1100) 
tiaa} | Yellow-Gray Silt Loam........ 16 430| 1 920| 1 330| 730] 73 560| 22 770] 17 120 
935\ | Yellow Silt Loam............. 18 980| 1 860] 1 540] 420] 80 000] 18 300] 13 220 
1135 
et ame NS ANY UOATALS gail aeevess <ssulllavee se af ele ee slime es + ol[le o's ecpecelleneieuesccoral|lace aieratere 
965 Yellow Sandy Loam.......... 20 920] 1 520} 1 240 440| 56 440} 6 520} 13 120 
Terrace Soils (1500) 

1527 Brown Silt Loam Over Gravel | 59 720] 5 320] 1 640) 1 200] 73 520) 15 520) 14 120 
1536 | Yellow-Gray Silt Loam Over F 

(CRANE, sito a 23 480} 2 320) 1 800 920] 79 040} 14 720} 14 600 
1566 | Brown Sandy Loam........... 44 520) 3 400] 1 480 920| 50 720) 10 040} 11 120 


Swamp and Bottom-Land Soils (1400) 


1401 ID)eei0) Jee A 
1426 Brownoub WLOamM:.,.... 0.00.6. 54 280 
1454s eMiixedeloamer iy). 0.50. ts eh eerenens 


LIMESTONE and SOIL ACIDITY.—See note in Table 2. 


1No samples were collected representing Yellow-Gray Sandy Loam and Deep Peat on account 
of the limited area in the county occupied by these types. See pages 27 and 29. 


*The results of chemical analyses of Mixed Loam are not included because of the heterogeneous 
character of this type. 


4 680 


720 


760 


49 680] 13 520) 18 960 


20 Som Report No. 45 [ December, 


the ability of a soil to produce crops. The rate at which these elements are 
liberated from insoluble forms and converted to forms that can be used by 
growing plants is a matter of at least equal importance (as explained on page 
36) and is not necessarily proportional to the total stocks present. One must 
know, therefore, how to cope with the peculiarities of a given soil type if he is 
to secure the full benefit from its stores of the plant-food elements. In addition 
there are always economic factors that must be taken into consideration, since 
it is necessary for the farmer to decide at how high a level of productive capacity 
he ean best afford to maintain his soil. 

The chemical investigations carried out in connection with the soil survey, 
of which the analyses here reported are a part, are of value chiefly in two ways. 
In the first place, they reveal at once outstanding deficiencies or other chemical 


TaBLE 4.—MACON COUNTY SOILS: Piant-Foop ELEMENTs In LowER SAMPLING 
Stratum, Asout 20 To 40 INcHES 
Average pounds per acre in 6 million pounds of soil 


Soil Total | Total | Total Total | Total 
: : i Total Total 
type Soil type organic | nitro- | phos- potas- |magne- : 
No. carbon} gen |phorus sulfur sium | sium calcium 
Upland Prairie Soils (400, 900, 1100) 
spall 
926.) Brown Silt, Los: ....-...--.- 45 360} 4 070} 1 980} 1 060)111 010} 41 800} 35 400 
1126 { 
1120} Black Clay Loam..........-.. 49 090| 3 840] 3 020] 1 150/101 570| 66 140|118 510 
428 | Brown-Gray Silt Loam On 
Might! Glavawnasemet occas. ee 30 390] 3 390} 2 460} 450/108 390} 34 260) 23 070 
460 | Brown Sandy Loam........... 23 820] 1 600] 1 440]  540| 76 080} 9 120] 15 720 
Upland Timber Soils (900, 1100) 
on Yellow-Gray Silt Loam........ 17 000} 2 300) 2 300} 900/114 560} 38 220) 24 540 
1134 
4 NWellow Siltuvoam: se sentria. 20 160) 2 280) 2 610) 390117 750} 36 690) 20 820 
1135 
ie Yellow-Gray Sandy Loam!.....).....00).2.6 02). «.ce0| +202 0 e/| 0 oeieenena Een | ere 
1164 
965 | Yellow Sandy Loam........... 20 640| 1 320] 1 620] 300] 71 820} 10 260] 20 100 
Terrace Soils (1500) 
1527 | Brown Silt Loam Over Gravel .| 41 100) 4 020) 2 160) 1 380/110 100} 31 440) 19 740 
1536 | Yellow-Gray Silt Loam Over 
Gravel. esses area Cae er 19 260} 2 400) 3 120) 720/116 820) 34 320] 25 380 
1566. | Brown Sandy Loam........... 40 260] 2 580} 1 560] 1 200| 75 360} 17 160] 15 840 


Swamp and Bottom-Land Soils (1400) 


1401 DeepvP eat! i seacite peepee rae 
1426 Browmecilts loo aiaaeery ere ters 
1454 Mixedi loam are isaac nee 


LIMESTONE and SOIL ACIDITY.—See note in Table 2 
1No samples were collected representing Yellow-Gray Sandy Loam and Deep Peat on account 


of the limited area in the county occupied by these types. See pages 27 and 29. 


2Results of chemical analyses for Mixed Loam are not included on account of the heterogeneous 
character of this type. 
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characteristics which alone would affect soil’ productivity to a marked extent, or 
point the way to corrective measures. It should be borne in mind, however, that 
fairly wide departures from the usual composition are necessary before the 
chemical analysis alone can be followed as a guide in practice without supple- 
mentary information from other sources. It is probable that the results of 
chemical soil analyses are frequently misused by attempting to interpret small 
differences in the amount of a certain plant-food element as indicative of similar 
differences in the fertilizer need. For example, differences of 100 or 200 pounds 
of phosphorus per acre in soils containing 1,000 pounds or thereabout in the 
surface soil should not be considered as indicating a corresponding difference in 
response to phosphate fertilization. Again, 100 pounds to the acre of active nitro- 
gen added by plowing down a clover crop may be of more importance to the suc- 
ceeding crop than a difference in soil composition of 1,000 pounds an acre of 
nitrogen. An example of the direct use of the results of chemical investigations 
is the marked shortage of potassium in peat soils associated with the need for 
potassium fertilizers; another case is the determination of the lime need of soils 
by chemical tests. 

The second use of chemical methods is in the more detailed study of soils. 
The processes of soil development leave their imprint upon the soil both in its 
physical conformation and also in its chemical characteristics. Likewise every 
operation in the handling of the soil and every application of fertilizer or liming 
material disturbs its equilibrium, setting up new reactions, which are in turn 
reflected in variations in crop adaptability, producing capacity, and agricultural 
usefulness. Chemistry is a most important tool in tracing and characterizing 
such changes, and chemical investigations are undertaken with the aim of aiding 
in the classification of soils as well as making possible more accurate prediction 
of their agricultural value and fertility needs, and response to different methods 
of management. 


DESCRIPTION OF SOIL TYPES 
UPLAND PRAIRIE SOILS 


The upland prairie soils of Macon county occupy 487.57 square miles, more 
than four-fifths of the total area of the county. These soils are brown to black 
in color. There is, however, considerable difference in the color, not only of the 
various types, but within types, particularly in the case of Brown Silt Loam. 
The character of the subsoil is also notably different, varying from a loose, open, 
well-drained silt loam to a compact, sticky, and slowly pervious clay. The dark 
color of the prairie soils is due to an accumulation of organic matter from the 
fibrous roots of the prairie grasses that grew for centuries on this land prior to 
its cultivation by man. A covering of fine soil and a mat of vegetative material, 
by partially excluding the oxygen, protected these roots from rapid and com- 
plete decay. From time to time the mat of old grass stems and leaves was 
partially destroyed by prairie fires and decay, but it was constantly being 
renewed, and while it added little organic matter to the soil directly, it served 
to retard the decay of the roots of the grasses. 
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Brown Silt Loam (426, 926, 1126) 


Brown Silt Loam, as mapped in Macon county, occupies 375.91 square miles, 
about two-thirds of the total area of the county. It varies in character depending 
on topography and in the kind of mineral material from which it has been 
derived, and it would now be separated into at least four distinet types. Each 
of these is described below so that it may be recognized in the field. 


1. Light Brown Silt Loam. This type occurs on the higher, rolling areas 
where surface drainage is good. It is limited to the knolls in the southwestern 
part of the county and to that outer portion of the Shelbyville moraine from 
which erosion has not removed the silty deposit. Occasionally small areas are 
found on the rolling land near stream valleys. It covers only a very small 
percent of the total area of the county. The surface soil is about 6 inches thick 
and is a light brown or yellowish brown silt loam. The subsurface, extending 
to a depth of 15 inches, is a loose, yellowish brown silt loam. The upper subsoil 
is an open, dark reddish yellow, silty clay loam. The lower subsoil which is 
found at depths of 25 to 30 inches is a very open, grayish yellow, silt loam. The 
soil is very well drained. 


Management.—The surface slope of this type of soil is such that sheet 
erosion is active. Care must be exercised to prevent washing either by keeping 
a cover of vegetation or by terracing. The soil is not high in organie matter 
and nitrogen and it is medium acid. Limestone should be applied at the rate 
of 2 to 3 tons an acre, and clover grown and turned under every three or four 
years as a source of organic matter and nitrogen. As this type usually occurs 
in small areas, it makes an excellent location for alfalfa. After liming it is 
especially suited to the growing of alfalfa and other legumes. The best infor- 
mation available on the treatment of this type comes from the Mt. Morris and 
Dixon experiment fields which are located in part on Light Brown Silt Loam. 
The results from these fields show a very marked response to manure. Limestone 
in addition to manure has given a further increase sufficiently large to pay a 
good profit on the cost of the limestone. Limestone with residues has been 
another profitable treatment. Neither potash nor rock phosphate applications 
have increased yields sufficiently to be profitable on this soil type. The reader 
is referred to the summarized yields on the Mt. Morris and Dixon fields found on 
pages 49 to 53 of this report. 


2. Brown Silt Loam. This type occupies intermediate topographie posi- 
tions and is by far the most extensive type in the county. It is rather uniformly 
distributed but is not so prevalent near main stream courses or in very flat areas 
as elsewhere. The surface soil is about 8 inches thick and has a dark brown 
color. The subsurface is a somewhat lighter brown than the surface. The subsoil 
begins at 18 inches and is a brownish yellow, somewhat compact, clay loam. The 
lower subsoil is friable and yellowish and begins at about 30 to 34 inches. 

Management.—This type of soil drains well and is not subject to severe 
erosion. It was originally well supplied with organic matter but continued 
cropping has reduced the supply considerably. The soil is acid and requires at 
least 2, and possibly 214, tons an acre of limestone to grow alfalfa, sweet clover, 
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or the best red clover. The Kewanee experiment field is located, for the most 
part, on this soil type. Unfortunately, the Kewanee field has several draws 
crossing the plots which are a much heavier soil, so that the results from the field 
cannot be applied to Brown Silt Loam with as much confidence as would other- 
wise be the case. It is, however, almost certainly true that the presence of the 
heavier soil on the Kewanee field has the effect of diminishing the increases due 
to treatment. This field shows very good results for manure on corn and oats, 
but less effect on wheat. Limestone gives a more profitable return used in the 
residues system than with manure, but in each case the increases were satis- 
factory. Rock phosphate has produced a profitable return in the residues system 
but has failed to pay for its cost in the manure system. The Bloomington field, 
which is located in part on this same soil type, has responded very markedly to 
the application of phosphates. The suggestion therefore is that if manure is not 
available, one of the phosphates be applied for wheat after the nitrogen needs 
are met by the growing of legumes. Summarized results from the Kewanee and 
Bloomington fields are given in the Supplement to this report on pages 53 to 59. 


3. Brown Silt Loam On Clay. This type occupies the nearly level or very 
gently sloping areas and is largely confined to the northwestern, southwestern, 
and southeastern parts of the county. It is closely associated with Black Clay 
Loam but lies on higher ground and has a more sloping surface. It is not exten- 
sively developed even in these flat areas. The surface soil is a dark brown silt 
loam, 10 inches thick. The subsurface is similar to the surface in color but 
heavier in texture, usually a heavy, silty clay loam. The upper subsoil begins at 
18 to 20 inches and is a brownish yellow, compact, plastic clay loam. The lower 
subsoil, beginning at 36 inches or deeper, is a silty clay loam, yellow in color, 
and spotted with reddish brown. It is more friable than the upper subsoil. 

Management.—The lack of sufficient surface slope and the compact plastic 
subsoil of this type makes artificial drainage necessary. Tile will draw well and 
if a proper outlet is maintained, the soil can be adequately drained by tiling. 
This type is only slightly acid. It will grow red clover without lime but 144 
to 2 tons an acre of limestone is necessary to insure alfalfa or sweet clover stands. 
Unless these two legume crops are to be grown, the use of limestone could hardly 
be advised. The Aledo experiment field most nearly represents this soil type and 
the results from this field may be used as a guide in its treatment. (See page 59). 
Rock phosphate has not caused significant increases in yield on the manure 
plots. On the residues plots some increase in yield has followed its use but the 
increases have not been sufficiently large to justify advising its use. Comparisons 
of phosphorus carriers are being made on the Aledo field. The results show that 
acid phosphate, bone meal, and slag phosphate all rank slightly ahead of rock 
phosphate on this soil. It is suggested that a trial application of one of the 
phosphate fertilizers be made before using phosphate in a large way. 


4. Brown Silt Loam On Drift. This type occupies the sloping areas on 
the knolls and ridges and near small stream courses from which erosion has 
removed some of the silty surface material. It is not extensive and occurs prin- 
cipally on the Shelbyville and Cerro Gordo moraines. The surface soil is about 
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7 inches thick and light brown in color. The subsurface is thin and is yellowish 
brown in color. The upper subsoil is slightly compact, is brownish yellow in 
color, and is often sandy or gravelly. The lower subsoil is yellow and is a mixture 
of sand, gravel, and clay. Where erosion is active, the gravelly subsoil is near 
enough to the surface to make the soil drouthy during dry seasons. The eal- 
careous drift is usually 40 to 45 inches below the surface but in the eroded areas 
it is often as shallow as 25 inches. 


Management.—Protection from erosion as suggested for Light Brown Silt 
Loam is also suggested for this type. The surface soil is medium acid, hut as 
the sweet subsoil is nearer the surface in this type, an application of 2 tons of 
limestone is all that is required for a successful stand of sweet clover or alfalfa. 
Red clover will grow without lime but some lime is needed for a good stand. 
There is no experiment field located on this soil type but from its nature and the 
results of yields on associated soil types, it is suggested that a trial of the phos- 
phates be made, as some of them may prove profitable. One of the potash salts 
might also be beneficial if applied on corn and it is suggested that this be first 
tried experimentally before applying to large fields. Potash salts should be 
applied at the rate of about 75 pounds an acre to the corn crop. 


Black Clay Loam (420, 920, 1120) 


Black Clay Loam, as mapped in Macon county, occupies 107.71 square miles, 
or about one-fifth of the total area of the county. This type includes at least 
three distinct types as it would now be mapped. These types cannot be so easily 
recognized in the field as those of the silt loam group just described, because 
there is little or no difference in their topographic occurrence. Their chief dif- 
ferences are in the character of the subsoil and lime content. No attempt will 
be made to describe each type individually, but in this general discussion the 
pronounced characteristics of each will be brought out. The surface soil is 9 to 
12 inches thick and is a black clay loam. This is characteristic of all these types. 
The subsurface is 8 to 10 inches thick and ranges in color from a drabbish black 
to a brownish black with yellow spots. It is heavier than the surface soil but 
seldom compact. The upper subsoil varies considerably. In most of the small 
areas in the northeastern part of the county, the upper subsoil is grayish drab 
clay to about 32 inches; below that it becomes drabbish gray, a typical joint clay. 
In the flat area in the southeastern part of the county, the upper subsoil is a 
brownish drab clay, slightly compacted, and contains some gravel. The lower 
subsoil is more gravelly and is mottled with yellow. In the western part of the 
county the upper subsoil is brownish drab mottled with yellow, compact, and 
plastic. The lower subsoil is a drabbish yellow clay loam. The first two subsoils 
described are occasionally ealeareous, and in places even the corresponding sur- 
face soils are calcareous. 

Management.—When properly drained Black Clay Loam is a productive 
soil. The soil should be well tiled and sufficiently large outlets provided. It 
rarely needs limestone to grow sweet clover, and then only a small amount. Some 
of the calcareous areas above described contain sufficient alkali to be harmful. 
Unthrifty growth in these areas indicates the need of potash. This type of soil 
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should receive regular additions of organic matter to maintain a favorable physi- 
eal condition. Both stable manure and green manures should be used for this pur- 
pose. Clover should be grown every third or fourth year. The reader is referred 
to the summarized results of the Hartsburg experiment field which are found in 
the Supplement to this report, pages 64 and 65. The soil on this field is similar 
to Black Clay Loam as it occurs in Macon county. 


Brown-Gray Silt Loam On Tight Clay (428, 928, 1128) 


Brown-Gray Silt Loam On Tight Clay occurs in the northwestern part of 
the county and south of the town of Macon. It occupies a total of only 3.56 
square miles in Macon county. 

The surface soil is 6 to 7 inches thick and has a grayish brown color when 
dry, but may entirely lose the gray cast when moist. The thickness of the sub- 
surface is variable, ranging between 12 and 18 inches. Its color is brownish gray 
to gray, and it sometimes has an ashy feel. Immediately below the gray sub- 
surface is the plastic, compact, yellowish gray clay layer, the upper subsoil. 
This layer is 8 to 15 inches thick, and is almost impervious to water. Occasionally 
this tight layer is absent and the gray, ashy material continues down to a depth 
of 40 inches. The lower subsoil begins at depths of 36 to 42 inches and is a 
erayish yellow, friable silt loam. Numerous small, brownish-black, rounded iron 
pellets are found both on the surface and thru the soil. Small areas occur within 
the type in which large gray pellets or coneretions of lime are found at or near 
the surface. 


Management.—Drainage is one of the difficulties encountered in the man- 
agement of this type. Surplus water must be removed by surface ditches and 
open furrows, as the tight subsoil makes tile ineffective except on those areas 
where the gray, ashy material extends down to a depth of 214 feet or more. The 
soil is acid except in those areas in which lime coneretions are found. Each field 
should be tested in detail with the assistance of the county farm adviser or the 
Agricultural Experiment Station before applying limestone, as this soil type 
varies from 0 to 3 or 4 tons in lime requirement per acre. The growing and 
plowing under of legume crops, especially sweet clover, and the addition of 
animal manure very materially improve the grain crops which follow. If satis- 
factory yields are not obtained after this procedure, a trial application of 75 
pounds of some potassium fertilizer might be made. There is no experimental 
evidence to back up this recommendation so that only a trial should be made 
before fertilizing the entire field. 


Brown Sandy Loam (460, 960, 1160) 


Brown Sandy Loam is a very minor type in Macon county. It occurs prin- 
cipally as small areas adjacent to the Sangamon river valley in the western part 
of the county and occupies only 250 acres. Its topography and texture suggest 
that its material was blown up from the river bottom. The surface soil, to a 
depth of 6 to 7 inches, is a brown sandy loam. The subsurface is more sandy 
and is yellowish in color. The upper subsoil is a yellow sandy loam, slightly 
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compact, enough so to keep the soil from being drouthy. The lower subsoil is a 
loose yellow sand. 

Management.—The occurrence of this type in small areas within larger 
areas of Brown Silt Loam which have an intermediate topographic position 
makes it difficult to give it special treatment. It is recommended that this type 
be treated similarly to Brown Silt Loam except that special emphasis be given 
to increasing the organic-matter content by adding manure and by growing and 
plowing under green manures. The lime requirement is variable and the land 
should be tested before lime is applied. 


UPLAND TIMBER SOILS 


The upland timber soils are confined to narrow belts adjacent to the main 
streams, principally Sangamon river. They cover 65.88 square miles, slightly 
more than one-tenth of the total area of the county. The timber soils are char- 
acterized by a yellow or yellowish gray color which is due to their low organic- 
matter content. This lack of organic matter has been caused by the long-con- 
tinued growth of forest trees. As the forests invaded the prairies, the following 
effects were produced: the shading of the trees prevented the growth of grasses, 
the roots of which are mainly responsible for the large amount of organic matter 
in the prairie soils; and the trees themselves added very little organic matter to 
the soil, for the leaves and branches either decayed or were destroyed by forest 
fires. 

Yellow-Gray Silt Loam (434, 934, 1134) 


Yellow-Gray Silt Loam as mapped oceupies 45.27 square miles, forming the 
outer light-colored soil belt along streams. The character of the type varies with 
changes in topography and in the soil material from which it was formed. By 
far the larger portion is rather uniform and is described as follows. The surface 
soil is a brownish yellow silt loam about 6 inches thick. The subsurface is a 
grayish yellow silt loam about 9 to 12 inches thick. The upper subsoil begins 
at 15 to 18 inches and is a compact, slightly plastic, pale yellow clay loam, 
mottled with gray. On the more rolling areas it is less compact and more red- 
dish. On the flatter areas it is more compact and grayish. The lower subsoil, 
below 32 to 36 inches, is a pale yellow silt loam, mottled with gray. 

A few small areas south of the town of Antioch mapped as Yellow-Gray 
Silt Loam are rather flat. The surface soil in these flat areas is brownish gray 
and the subsurface is ashy gray. The upper subsoil is drabbish gray and very 
compact. In areas near streams where erosion has removed some of the silty 
covering, the gravelly drift forms the subsoil. These latter areas are not exten- 
sive since, when erosion starts, it soon removes all the loess covering and makes 
the area rough and hilly. 


Management.—In the management of Yellow-Gray Silt Loam attention must 
be given to the topography on which it occurs as described above. The rolling 
areas have a pervious subsoil but are subject to erosion. Care should be taken 
to have vegetation growing on this land as much of the time as possible. There 
is little danger of erosion on the more gentle slopes but attention must be given 
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to underdrainage, particularly to the flat areas whose subsoil is almost imper- 
vious. Surface ditching must be resorted to in these flat areas to remove the 
excess surface water. The type as a whole is acid but varies considerably in the 
amount of lime required to grow clovers. In general, 3 to 4 tons of limestone 
per acre must be spread before a satisfactory sweet clover or alfalfa stand can 
be obtained. The organic-matter content of this soil should be built up by the 
addition of animal and green manures plowed down. Altho there are no experi- 
ment field results on which to base fertilizer recommendations for this type of 
soil, it is suggested that a trial be made of one of the phosphates for wheat 
following the addition of organic matter. 


Yellow Silt Loam (435, 935, 1135) 


Yellow Silt Loam occupies 20.05 square miles and is found as the inner, 
light-colored soil belt along Sangamon river and its larger tributaries. It is a 
type produced by erosion and is rough and hilly. The character of the soil 
depends on the rapidity of the erosion; in protected places from which the timber 
has not been removed it resembles that of Yellow-Gray Silt Loam, and from this 
condition it varies thru all stages to one in which there is an entire absence of 
soil development. On these areas the sandy gravelly drift forms the surface. In 
other places the soil is shallow and friable and of a yellow or grayish yellow 
color. 

Management.—Yellow Silt Loam should not be cultivated except where the 
slopes are not great and when proper attention can be given to controlling 
erosion. The less gullied areas can be used for permanent pasture or orchards 
while the remainder can be most profitably kept in permanent timber. Follow- 
ing an application of 11% to 2 tons of limestone, sweet clover or alfalfa can be 
seeded on the less steep slopes. Alfalfa preceded by sweet clover usually makes 
a good stand and will remain on the land a number of years. An account of 
experiments in reclaiming badly eroded land of this soil type is given in the 
Supplement, page 65, under the Vienna field. 


Yellow Sandy Loam (465, 965, 1165) 


Yellow Sandy Loam is associated with Yellow Silt Loam and differs from 
it only in having received a coarse, sandy, wind-blown deposit from the adjacent 
bottom land. It occurs along Sangamon river and occupies only 307 acres in 
the county. The less sloping parts of it are well suited for alfalfa following 
liming. 


Yellow-Gray Sandy Loam (464, 964, 1164) 


Yellow-Gray Sandy Loam is a very minor type in Macon county, totaling 
only 51 acres. It is found in small areas near the Sangamon river bottom land. 
It is similar to Brown Sandy Loam excepting that it is lighter in color and is 
more acid. It may be handled in much the same manner, tho it requires more 
organic matter. 
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TERRACE SOILS 

The terrace formations were made in remote times by overloaded and flooded 
streams which deposited an immense amount of material in the old channels. 
Later, as the streams diminished in size and cut their channels deeper, new 
bottom lands were developed, leaving the old flood plains above overflow, thus 
forming terraces. The terraces in Macon county were formed during or shortly 
after the advance of the Wisconsin glacier. They were later covered with a 
shallow deposit of wind-blown material similar to that of the uplands. All the 
terraces occur along Sangamon river. They occupy only 1.77 square miles. 


Yellow-Gray Silt Loam Over Sand or Gravel (1536) 


Yellow-Gray Silt Loam Over Sand or Gravel occupies 1.13 square miles and 
is found occurring in small areas between the upland and bottom land along 
Sangamon river. It differs little from Yellow-Gray Silt Loam, Upland, except 
in being somewhat better drained. See page 26 for a description of that type 
and for suggestions regarding its management. 


Brown Silt Loam Over Sand or Gravel (1527) 


Brown Silt Loam Over Sand or Gravel occurs along the south side of San- 
gamon river near the Sangamon county line. It covers only .61 square mile. 
The character of the soil resembles that of the second type deseribed under 
Brown Silt Loam, Upland, except that it is more sandy. See page 22 for a 
description of that type and for suggestions regarding its management. 


Brown Sandy Loam Over Sand or Gravel (1566) 


There are only 19 acres of Brown Sandy Loam Over Sand or Gravel mapped 
in Macon county. It occurs in the larger area of Brown Silt Loam Over Sand 
or Gravel. See page 25 for a description and suggestions regarding the man- 
agement of Brown Sandy Loam, Upland, which is similar to this terrace type. 


SWAMP AND BOTTOM-LAND SOILS 
The swamp and bottom-land soils in Macon county are found along the 
creeks and along Sangamon river. All of these soils are subject to overflow. 
There is a total of 20.05 square miles of bottom land mapped in Macon county, 
most of which is Sangamon river bottom land. 


Mixed Loam (1454) 


Mixed Loam, as its name implies, is very diverse in character. It is formed 
from deposits made during overflows. Its surface soil varies from a clay loam 
to a sandy loam, but is generally a silt loam of a sandy nature. The subsurface 
and subsoil vary as does the surface. No soil development has taken place as the 
material is too young and in many places is still being buried by a shallow 
deposit during each overflow. There are 14.31 square miles of Mixed Loam in 
the county. 
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Management.—The diversity of Mixed Loam prevents giving very specific 
recommendations for management. It will usually grow clover without lime and 
unless the land is subject to frequent overflow clovers should be grown and 
turned under to add organic matter. Corn is the chief crop grown on this land, 
and because the soil is frequently renewed, no fertilizer applications are needed. 


Deep Brown Silt Loam (1426) 


There are 5.70 square miles of Deep Brown Silt Loam mapped in the San- 
gamon river bottom land in the west part of the county. This area is more 
uniform in texture of the surface soil than is the remainder of the bottom land. 
It is a young, immature soil, productive, easily worked, and non-acid. The 
surface color is dark brown which frequently extends to a depth of 15 to 18 
inches ; below this the soil has a drabbish cast, becoming yellow at 30 to 40 inches. 
On the very flat areas where water stands, a gray color has developed below 20 
inches. Deep Brown Silt Loam requires the same management as Mixed Loam 
because it is subject to frequent overflow. 


Deep Peat (1401) 
An area of 26 acres, forming part of the Lake Fork bottom land in Section 
11, Township 18 North, Range 1 East, was originally mapped as Deep Peat. 
It is now largely decomposed into a muck. It is used for pasture and until better 
drainage is provided, it must continue to be uncultivated. 


APPENDIX 


EXPLANATIONS FOR INTERPRETING THE SOIL SURVEY 
CLASSIFICATION OF SOILS 

In order to interpret the soil map intelligently, the reader must understand 
something of the method of soil classification upon which the survey is based. 
Without going far into details the following paragraphs are intended to furnish 
a brief explanation of the general plan of classification used. 

The soil type is the unit of classification. Each type has definite character- 
istics upon which its separation from other types is based. These characteristics 
are inherent in the:strata, or ‘‘horizons,’’ which constitute the soil profile in all 
mature soils). Among them may be mentioned color, structure, texture, and 
chemical composition. Other items, such as native vegetation (whether timber 
or prairie), topography, and geological origin and formation, may assist in the 
differentiation of types, altho they are not fundamental to it. 

Since some of the terms used in designating the factors which are taken into 
account in establishing soil types are technical in nature, the following defini- 
tions are introduced: 


Soil Profile. The vertical section of the soil from the surface to the underlying un- 
weathered material is called the soil profile. In a mature soil the profile is made up of a 
number of distinguishable layers or horizons. 

Horizon. A layer or stratum of soil which differs discernibly from those adjacent in 
color, texture, structure, chemical composition, or a combination of these characteristics, 
is called an horizon. For technical descriptions, soil scientists have adopted the designa- 
tions A, B, and C for the principal horizons. Describable differences within an horizon are 
indicated by subscrip numbers, as A,, A», By, B, and so on. 

In this report the soil layers are described under the terms ‘‘surface,’’ ‘‘subsurface,’’ 
and ‘‘subsoil.’? The surface and subsurface are embraced in the A horizon—the surface 
corresponding to the A, horizon and the subsurface to those lying below the A, The 
subsoil corresponds to the B horizon, 

For a description of the surface, subsurface, and subsoil, see page 13. 

Depth and Thickness. The horizons or layers which make up the soil profile vary in 
depth and thickness. These variations are distinguishing features in the separation of 
soils into types. 

Physical Composition. The physical composition, sometimes referred to as ‘‘texture,’’ 
is a most important feature in characterizing a soil. The texture depends upon the relative 
proportions of the fcllowing physical constituents: clay, silt, fine sand, sand, gravel, stones, 
and organic material. 


Structure. The term ‘‘structure’’ has reference to the aggregation of particles within 
the soil mass and carries such qualifying terms as open, granular, compact, columnar, lam- 
inated. 


Organic-Matter Content. The organic matter of soil is derived largely from plant tis- 
sue and it exists in a more or less advanced stage of decomposition. Organic matter forms 
the predominating constituent in certain soils of swampy formation. 


Color. Color is determined to a large extent by the proportion of organic matter, but 

at the same time it is modified by the mineral constituents, especially by iron compounds. 

Reaction. The term ‘‘reaction’’ refers to the chemical state of the soil with respect 

to acid or alkaline condition. It also involves the idea of degree, as strongly acid or 
strongly alkaline. 

Carbonate Content. The carbonate content has reference to the calcium carbonate 

(limestone) present, which in some cases may be associated with magnesium or other ecar- 


bonates. The depth at which carbonates are found may become a very important factor 
in determining the soil type. 


Topography. Topography has reference to the lay of the land, whether level, rolling, 
hilly, or otherwise. 


ce 


30 


mm 


ab 
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Native Vegetation. The vegetation or plant growth before being disturbed by man, 
as prairie grasses and forest trees, is a feature frequently recognized in differentiating 
soil types. 

Geological Origin. Geological origin involves the idea of character of rock materials 
composing the soil as well as the method of formation of the soil material. 

Not infrequently areas are encountered in which type characters are not 
distinctly developed: or in which they show considerable variation. When these 
variations are considered to have sufficient significance, type separations are 
made wherever the areas involved are sufficiently large. Because of the almost 
infinite variability occurring in soils, one of the exacting tasks of the soil sur- 
veyor is to determine the degree of variation allowable for any given type. 


Classifying Soil Types—In the system of classification used, the types fall 
first into four general groups based upon their geological relationships; namely, 
upland, terrace, swamp and bottom land, and residual. These groups may be 
subdivided into prairie soils and timber soils, altho as a matter of fact this sub- 
division is applied in the main only to the upland group. These terms are all 
explained in the foregoing part of this report in connection with the description 
of the particular soil types. 

Naming and Numbering Soil Types.—In the Illinois soil survey a system of 
nomenclature is used which is intended to make the type name convey some idea 
of the nature of the soil. Thus the name ‘‘ Yellow-Gray Silt Loam’’ carries in 
itself a more or less definite description of the type. It should not be assumed, 
however, that this system of nomenclature makes it possible to devise type names 
which are adequately descriptive, because the profile of mature soils is usually 
made up of three or more horizons and it is impossible to describe each horizon 
in the type name. The color and texture of the surface soil are usually included 
in the type name and when material such as sand, gravel, or rock lies at a depth 
of less than 30 inches, the fact is indicated by the word ‘‘On,’’ and when its 
depth exceeds 30 inches, by the word ‘‘Over’’; for example, Brown Silt Loam 
‘On Gravel and Brown Silt Loam Over Gravel. 

As a further step in systematizing the listing of the soils of Illinois, reeog- 
nition is given to the location of the types with respect to the geological areas 
in which they occur. According to a geological survey made many years ago, 
the state has been divided into seventeen areas with respect to geological forma- 
tion and, for the purposes of the soil survey, each of these areas has been assigned 
an index number. The names of the areas together with their general location 
and their respective index numbers are given in the following list. 


000 Residual, soils formed in place thru disintegration of rocks, and also rock outcrop 
100 Unglaciated, including three areas, the largest being in the south end of the state 
200 Illinotan moraines, including the moraines of the Illinoian glaciations 
300 Lower Illinoian glaciation, formerly considered as covering nearly the south third of the 
state 
400 Middle Iilinoian glaciation, covering about a dozen counties in the west-central part of 
the state 
500 Upper Illinoian glaciation, covering about fourteen counties northwest of the middle 
Tllinoian glaciation 
600 Pre-Iowan glaciation, but now believed to be part of the upper Illinoian 
700 Iowan glaciation, lying in the central northern end of the state 
800 Deep loess areas, including a zone a few miles wide along the Wabash, Illinois and 
Mississippi rivers 
900 Early Wisconsin moraines, including the moraines of the early Wisconsin glaciation 
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1000 Late Wisconsin moraines, including the moraines of the late Wisconsin glaciation 

1100 Early Wisconsin glaciation, covering the greater part of the northeast quarter of the 
state 

1200 Late Wisconsin glaciation, lying in the northeast corner of the state 

1300 Old river-bottom and swamp lands, formed by material derived from) the Illinoian or 
older glaciations 

1400 Late river-bottom and swamp lands, formed by material derived from the Wisconsin and 
Towan glaciations 

1500 Terraces, bench or second bottom lands, and gravel outwash plains 

1600 Lacustrine deposits, formed by Lake Chicago, the enlarged glacial Lake Michigan 


Further information regarding these geological areas is given in connection 
with the general map mentioned above and published in Bulletin 128 (1908). 
Another set of index numbers is assigned to the classes of soils as based 


upon physical composition. The following list contains the names of these 
classes with their corresponding index numbers. 


Index Number Limits Class Names 
UM Kole recta co did oO acon CeO occ Peats 
AMO 0 Oden acho oro see CACO ic OGay clo cacanc Re Peaty loams 
CIS oad ES SIRES COA ACK cee OOOO S Mucks 
1 HOV LON ee carers citee steve tos tenets er cere iat encrarsie Clays 
DO: GON Da athe, ke tae ciencloaie ol bietvre e oretene ofetoms 612 Clay loams 
D5 eGOWwAO a arate itch sheasiaieebeaslcivi sie er ersivuets tiaicke Silt loams 
BO GODT raat othe pletetet et hcerana rol on atelapel cra.otaemie Loams 
GOHO a7 Oiearrs onetrerevay aiatetalercrel ete eieieel nie ors Sandy loams 
80340 SO arctetoeretotatalnsisiereeatoie sinte:=takelsysvel stele Sands 
OO TOHOAR Ce ster earchcis aussie isi ety syste ole creudeerete Gravelly loams 
Q5 OOo aeotenc ye ehctae teeta tel theile ati eiswone use ee Gravels 
Vici Ao Seen Dead OUGOAL SHO 6 che Stony loams 
Derr ele iglaternle ry chaterarein oustatete ay ote vaste Rock outcrop 


As a convenient means of designating types and their location with respect 
to the geological areas of the state, each type is given a number made up of a 
combination of the index numbers explained above. “This number indicates the 
type and the geological area in which it occurs. The geological area is always 
indicated by the digits of the order of hundreds while the remainder of the 
number designates the type. To illustrate: the number 1126 means Brown Silt 
Loam in the early Wisconsin glaciation, 434 means Yellow-Gray Silt Loam of the 
middle Illinoian glaciation. These numbers are especially useful in designating 
very small areas on the map and as a check in reading the colors. 

A complete list of the soil types occurring in each county, along with their 
corresponding type numbers and the area covered by each type, will be found 
in the respective county soil reports in connection with the maps. 


SOIL SURVEY METHODS 
Mapping of Soi Types—tIn conducting the soil survey, the county consti- 
tutes the unit of working area. The field work is done by parties of two to four 
men each. The field season extends from early in April to the last of November. 
During the winter months the men are engaged in preparing a copy of the soil 
map to be sent to the lithographer, a copy for the use of the county farm adviser 
until the printed map is available, and a third copy for use in the office in order 

to preserve the original official map in good condition. 
An accurate base map for field use is necessary for soil mapping. These 
maps are prepared on a seale of one inch to the mile, the official data of the 
original or subsequent land survey being used as the basis in their construction. 
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Each surveyor is provided with one of these base 
maps, which he earries with him in the field; and 
the soil type boundaries, together with the streams, 
roads, railroads, canals, town sites, and rock and 
gravel quarries are placed in their proper location 
upon the map while the mapper is on the area. 
With the rapid development in road improvement 
during the past few years, it is almost inevitable 
that some recently established roads will not 
appear on the published soil map. Similarly, 
changes in other artificial features will occasion- 
ally occur in the interim between the preparation 
of the map and its publication. The detail or 
minimum size of areas which are shown on the 
map varies somewhat, but in general a soil type 
if less than five acres in extent is not shown. 
Sampling for Analysis—After all the soil 
types of a county have been located and mapped, 
samples representative of the different types are 
collected for chemical analysis. The samples for 
this purpose are usually taken in three depths; 
namely, 0 to 624 inches, 624 to 20 inches, and 20 
to 40 inches, as explained in connection with the 
discussion of the analytical data on page 13. 


PRINCIPLES OF SOIL FERTILITY 


Probably no agricultural fact is more gener- 
ally known by farmers and landowners than that 
soils differ in productive power. A fact of equal 
importance, not so generally recognized, is that 
they also differ in other characteristics such as response to fertilizer treatment 
and to management. 

The soil is a dynamic, ever-changing, exceedingly complex substance made 
up of organic and inorganic materials and teeming with life in the form of 
micro-organisms. Because of these characteristics, the soil cannot be considered 
as a reservoir into which a given quantity of an element or elements of plant 
food can be poured with the assurance that it will respond with a given increase 
in crop yield. In a similar manner it cannot be expected to respond with perfect 
uniformity to a given set of management standards. To be productive a soil 
must be in such condition physically with respect to structure and moisture as to 
encourage root development; and in such condition chemically that injurious 
substances are not present in harmful amounts, that a sufficient supply of the 
elements of plant food become available or usable during the growing season, 
and that lime materials are present in sufficient abundance favorable for the 
erowth of the higher plants and of the beneficial microorganisms. Good soil 
management under humid conditions involves the adoption of those tillage, crop- 


Fig. 7.—EXAMINING THE Sor 
PROFILE 
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ping, and fertilizer treatment methods which will result in profitable and per- 
manent crop production on the soil type concerned. 

The following paragraphs are intended to state in a brief way some of the 
principles of soil management and treatment which are fundamental to profitable 
and continued productivity. 


CROP REQUIREMENTS WITH RESPECT TO PLANT-FOOD MATERIALS 

At least ten of the chemical elements are known to be essential for the 
growth of the higher plants. These are carbon, hydrogen, oxygen, mtrogen, phos- 
phorus, sulfur, potassium, calcium, magnesium, and iron. Other elements are 
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Fic. 8.—ALL ESSENTIAL PLANT-Foop ELEMENTS Must BE PRESENT 


.The jars in which these corn plants are growing contain pure sand to 
which have been added various combinations of the essential plant-food 
elements. If a single one of these elements is omitted, the plants cannot 
develop; they die after the small supply stored in the seed becomes 
exhausted. 


absorbed from the soil by growing plants, including manganese, silicon, sodium, 
aluminum, chlorin, and boron. It is probable that these latter elements are 
present in plants for the most part, not because they are required, but because 
they are dissolved in the soil water and the plant has no means of preventing 
their entrance. There is some evidence, however, which indicates that certain 
of these elements, notably manganese, silicon, and boron, may be either essential 
but required in only minute quantities, or very beneficial to plant growth under 
certain conditions, even tho not essential. Thus, for example, manganese has 
produced marked increases in crop yields on heavily limed soils. Sodium also 
has been found capable of partially replacing potassium in ease of a shortage 
of the latter element. 

Table 5 shows the requirements of some of our most common field crops with 
respect to seven important plant-food elements furnished by the soil. The 
figures show the weight in pounds of the various elements contained in a bushel 


—_—= 
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TABLE 5.—PLANT-FOOoD ELEMENTS IN COMMON FARM Crops? 


Produce 
a ea as Phos- Potas- | Magne- . 
Nitrogen phorus Sulfur pene seieivit Calcium} Iron 
Kind Amount 
lbs. lbs. lbs. lbs. lbs. lbs. lbs. 
Wheat, grain...... 1 bu. 1.42 .24 .10 26 .08 .02 01 
Wheat straw...... 1 ton 10.00 1.60 2.80 | 18.00 1.60 3.80 .60 
Comm, grain nc. 1 bu. 1.00 Mil .08 .19 07 .O1 01 
Corn stover....... 1 ton 16.00 2.00 2.42 17.33 3.33 7.00 1.60 
Corn cobsaaen.. 1 ton AMOOT ack es Ree A (0) "|r sere: Be NE Ec 
Oats, erain........| 1 bu: .66 sui 06 .16 04 .02 01 
Ositestraiwe ce ees » 1 ton 12.40 2.00 4.14 20.80 2.80 6.00 Va 
Clover seed....... LDU, 1.75 2:5(01|)) Sainte afb a8) RS | Sree 
Clover hay. =)... 1 ton 40.00 5.00 3.28 | 30.00 7.75: | 29525 1.00 
Soybean seed...... 1 bu. 3.22 39 27 1.26 .15 ea al My amet = 
Soybean hay...... 1 ton 43.40 4.74 5.18 35.48 13.84 OOM Uren 
Alfalfa have, wees) 1 ton 52.08 4.76 5.96 16.64 $00) PR22226" 1) eke 


iThese data are brought together from various sources. Some allowance must be made 
for the exactness of the figures because samples representing the same kind of crop or the 
same kind of material frequently exhibit considerable variation. 


or in a ton, as the case may be. From these data the amount of an element re- 
moved from an acre of land by a crop of a given yield can easily be computed. 


PLANT-FOOD SUPPLY 


Of the elements of plant food, three (carbon, oxygen, and hydrogen) are 
secured from air and water, and the others from the soil. Nitrogen, one of the 
elements obtained from the soil by all plants, may also be secured from the air 
by the class of plants known as legumes, in case the amount liberated from the 
soil is insufficient; but even these plants are dependent upon the soil for the 
other elements, and they also utilize the soil nitrogen so far as it becomes soluble 
and available during their period of growth. 

The vast difference with respect to the supply of these essential plant-food 
elements in different soils is well brought out in the data of the Illinois soil 
survey. For example, it has been found that the nitrogen in the surface 624 
inches, which represents the plowed stratum, varies in amount from 180 pounds 
per acre to more than 35,000 pounds. In like manner the phosphorus content 
varies from about 320 to 4,900 pounds, and the potassium ranges from 1,530 to 
about 58,000 pounds. Similar variations are found in all of the other essential 
plant-food elements of the soil. 

With these facts in mind it is easy to understand how a deficiency of one 
of these elements of plant food may become a limiting factor of crop production. 
When an element becomes so reduced in quantity as to become a limiting factor 
of production, then we must look for some outside source of supply. Table 6 
is presented for the purpose of furnishing information regarding the quantity 
of some of the more important plant-food elements contained in materials most 
commonly used as sources of supply. 
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TABLE 6.—PLANT-FoopD ELEMENTS IN MANURE, ROUGH FEEDS, AND FERTILIZERS* 


Pounds of plant food per ton 
of material 
Material 
Nitrogen Phosphorus Potassium 
Eresh farm manure... seer en ietocien seeraierte 10 2 8 
Corn BtOVEr ng <1: os Saats ace eee eel eer 16 2 py; 
CVATES URE oS avo nga hes RE Oa tek eee iy 2 21 
Wikeatistraw's | ..cc Gare seeds terion orca ae rere arcioe 10 2 18 
(Olay Z\g Jt Mee IM Cts A oe cpa onic « 40 5 30 
Oyo) nol ntt: hey eR CPR rece csc c BN BG Gite tiger 43 5 33 
Lui it Ch eee eee eS eel act d adc a. 50 4 24 
Sweet clover (water-free basis)?................. 80 8 28 
Dried blood shes end ec see ee eee 280 =|. cae ee 
OGIUINITIEULAGE -¥< .0c shanties Siete tino Rime erntanrrar 310 |) 
ATMINONIUIM SULLACS eerste cs. enna tel na nena Tartare rae 400s | sn ae 
Reawrbone iMeal: vse. hems, any enna meen nari 80 180 7 ieee 
Steamed bone meals atari save ee eee ee 20 250: i eee 
Rawirock phosphateys,.2c aia sere eieaeaoeeeye|| ie caer 250 > Si eet ee 
Aeciduphosphate:. : -o52 guar eRe ie ae riers 125. SAR ae 
Potassium: chlorid, «0.500 od age stiihere poe ene. Lele | are 850 
Potassium sulfate. sss 2 ccs Wess een uci eRe eect |) 850 
TBAT 8S <n odes Seer ore ee ee ran 200 
Wood! ashes* (unleached) 25 5. cee ey le Mey 10 100 


1See footnote to Table 5. Young second-year growth ready to plow under as green ma- 


nure. *Wood ashes also contain about 1,000 pounds of lime (calcium carbonate) per ton. 


LIBERATION OF PLANT FOOD 


The chemical analysis of the soil gives the invoice of plant-food elements 
actually present in the soil strata sampled and analyzed, but the rate of libera- 
tion is governed by many factors, some of which may be controlled by the farmer, 
while others are largely beyond his control. Chief among the important con- 
trollable factors which influence the liberation of plant food are the choice of 
crops to be grown, the use of limestone, and the incorporation of organic matter. 
Tillage, especially plowing, also has a considerable effect in this connection. 


Feeding Power of Plants.—Different species of plants exhibit a very great 
diversity in their ability to obtain plant food directly from the insoluble minerals 
of the soil. As a class, the legumes—especially such biennial and perennial 
legumes as red clover, sweet clover, and alfalfa—are endowed with unusual 
power to assimilate from mineral sources such elements as calcium and phos- 
phorus, converting them into available forms for the crops that follow. For this 
reason it is especially advantageous to employ such legumes in connection with 
the application of limestone and rock phosphate. Thru their growth and subse- 
quent decay large quantities of the mineral elements are liberated for the benefit 
of the cereal crops which follow in the rotation. Moreover, as an effect of the 
deep-rooting habit of these legumes, mineral plant-food elements are brought up 
and rendered available from the vast reservoirs of the lower subsoil. 


Effect of Limestone.—Limestone corrects the acidity of the soil and supplies 
calcium, thus encouraging the development not only of the nitrogen-gathering 
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bacteria which live in the nodules on the roots of clover, cowpeas, and other 
legumes, but also the nitrifying bacteria, which have power to transform the 
unavailable organic nitrogen into available nitrate nitrogen. At the same time, 
the products of this decomposition have power to dissolve minerals contained in 
the soil, such as potassium and magnesium compounds. 


Organic Matter and Biological Action Organic matter may be supplied 
thru animal manures, consisting of the excreta of animals and usually accom- 
panied by more or less stable litter; and by plant manures, including green- 
manure crops and cover crops plowed under, and also crop residues such as 
stalks, straw, and chaff. The rate of decay of organic matter depends largely 
upon its age, condition, and origin, and it may be hastened by tillage. The 
chemical analysis shows correctly the total organic carbon, which constitutes, as a 
rule, but little more than half the organic matter; so that 20,000 pounds of 
organic carbon in the plowed soil of an acre corresponds to nearly 20 tons of 
organic matter. But this organic matter consists largely of the old organic resi- 
dues that have accumulated during the past centuries because they were resistant 
to decay, and 2 tons of clover or cowpeas plowed under may have greater power 
to liberate plant-food materials than 20 tons of old, inactive organic matter. The 
history of the individual farm or field must be depended upon for information 
concerning recent additions of active organic matter, whether in applications of 
farm manure, in legume crops, or in sods of old pastures. 

The condition of the organic matter of the soil is indicated to some extent 
by the ratio of carbon to nitrogen. Fresh organic matter recently incorporated 
with the soil contains a very much higher proportion of carbon to nitrogen than 
do the old resistant organic residues of the soil. The proportion of carbon to 
nitrogen is higher in the surface soil than in the corresponding subsoil, and in 
general this ratio is wider in highly productive soils well charged with active 
organic matter than in very old, worn soils badly in need of active organic matter. 

The organic matter furnishes food for bacteria, and as it decays certain 
decomposition products are formed, including much carbonic acid, some nitrous 
acid, and various organic acids, and these acting upon the soil have the power 
to dissolve the essential mineral plant foods, thus furnishing available phos- 
phates, nitrates, and other salts of potassium, magnesium, calcium, ete., for the 
use of the growing crop. 


Effect of Tillage—tTillage, or cultivation, also hastens the liberation of 
plant-food elements by permitting the air to enter the soil. It should be remem- 
bered, however, that tillage is wholly destructive, in that it adds nothing whatever 
to the soil, but always leaves it poorer, so far as plant-food materials are con- 
cerned. ‘Tillage should be practiced so far as is necessary to prepare a suitable 
seed bed for root development and also for the purpose of killing weeds, but more 
than this is unnecessary and unprofitable; and it is much better actually to 
enrich the soil by proper applications of limestone, organic matter, and other 
fertilizing materials, and thus promote soil conditions favorable for vigorous 
plant growth, than to depend upon excessive cultivation to accomplish the same 
object at the expense of the soil. 
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PERMANENT SOIL IMPROVEMENT 


According to the kind of soil involved, any comprehensive plan contem- 
plating a permanent system of agriculture will need to take into account some 
of the following considerations. 


The Application of Limestone 


The Function of Limestone —In considering the application of limestone 
to land it should be understood that this material functions in several different 
ways, and that a beneficial result may therefore be attributable to quite diverse 
causes. Limestone provides calcium, of which certain crops are strong feeders. 
It corrects acidity of the soil, thus making for some crops a much more favorable 
environment as well as establishing conditions absolutely required for some of 
the beneficial legume bacteria. It accelerates nitrificataion and nitrogen fixation. 
It promotes sanitation of the soil by inhibiting the growth of certain fungous 
diseases, such as corn-root rot. Experience indicates that it modifies either 
directly or indirectly the physical structure of fine-textured soils, frequently to 
their great improvement. Thus, working in one or more of these different ways, 
limestone often becomes the key to the improvement of worn lands. 


How to Ascertain the Need for Limestone.—One of the most reliable indica- 
tions as to whether a soil needs limestone is the character of the growth of 
certain legumes, particularly sweet clover and alfalfa. These crops do not thrive 
in acid soils. Their successful growth, therefore, indicates the lack of sufficient 
acidity in the soil to be harmful. In ease of their failure to grow the soil should 
be tested for acidity as described below. A very valuable test for ascertaining 
the need of a soil for limestone is found in the potassium thiocyanate test for soil 
acidity. It is desirable to make the test for carbonates along with the acidity 
test. Limestone is calcium carbonate, while dolomite is the combined carbonates 
of calcium and magnesium. The natural oceurrence of these carbonates in the: 
soil is sufficient assurance that no limestone is needed, and the acidity test will 
be negative. On lands which have been treated with limestone, however, the 
surface soil may give a positive test for carbonates, owing to the presence of 
undecomposed pieces of limestone, and at the same time a positive test for acidity 
may be secured. Such a result means either that insufficient limestone has been 
added to neutralize the acidity, or that it has not been in the soil long enough 
to entirely correct the acidity. In making these tests, it is desirable to examine 
samples of soil from different depths, since carbonates may be present, even in 
abundance, below a surface stratum that is acid. Following are the directions 
for making the tests: 


The Potassium Thiocyanate Test for Acidity. This test is made with a 4-percent solu- 
tion of potassium thiocyanate in aleohol—4 grams of potassium thiocyanate in 100 eubic 
centimeters of 95-percent aleohol.1 When a small quantity of soil shaken up in a test tube 
with this solution gives a red color the soil is acid and limestone should be applied. If the 
solution remains colorless the soil is not acid. An excess of water interferes with the reac- 
tion. The sample when tested, therefore, should be at least as dry as when the soil is in 


*Since undenatured alcohol is difficult to obtain, some of the denatured alcohols have 
been tested for making this solution. Completely denatured alcohol made over U. S. 
Formulas No. 1 and No. 4, have been found satisfactory. Some commercial firms are also 
offering other preparations which are satisfactory. 
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good tillable condition. For a prompt reaction the temperature of the soil and solution 
should be not lower than that of comfortable working conditions (60° to 75° Fahrenheit). 


The Hydrochloric Acid Test for Carbonates. Take a small representative sample of 
soil and pour upon it a few drops of hydrochloric (muriatic) acid, prepared by diluting the 
concentrated acid with an equal volume of water. The presence of limestone or some other 
carbonates will be shown by the appearance of gas bubbles within 2 or 3 minutes, producing 
foaming or effervescence. The absence of carbonates in a soil is not in itself evidence that 
the soil is acid or that limestone should be applied, but it indicates that the confirmatory 
potassium thiocyanate test should be carried out. 

Amounts to Apply.—Acid soils should be treated with limestone whenever 
such application is at all practicable. The initial application varies with the 
degree of acidity and will usually range from 2 to 6 tons an acre. The larger 
amounts will be needed on strongly acid soils, particularly on land being pre- 
pared for alfalfa. When sufficient limestone has been used to establish condi- 
tions favorable to the growth. of legumes, no further applications are necessary 
until the acidity again develops to such an extent as to interfere with the best 
growth of these crops. This will ordinarily be at intervals of several years. In 
the case of an inadequate supply of magnesium in the soil, the occasional use of 
magnesian (dolomitic) limestone would serve to correct this deficiency. Other- 
wise, so far as present knowledge indicates, either form of limestone—high- 
caleium or magnesian—will be equally effective, depending upon the purity and 
fineness of the respective stones. 


Fineness of Material—The fineness to which limestone is ground is an im- 
portant consideration in its use for soil improvement. Experiments indicate that 
a considerable range in this regard is permissible. Very fine grinding insures 
ready solubility, and thus promptness in action; but the finer the grinding the 
greater is the expense involved. A grinding, therefore, that furnishes not too 
large a proportion of coarser particles along with the finer, similar to that of the 
by-product material on the market, is to be recommended. Altho the exact 
proportions of coarse and fine material cannot be prescribed, it may be said that 
a limestone crushed so that the coarsest fragments will pass thru a sereen of 4 
to 10 meshes to the inch is satisfactory if the total product is used. 


The Nitrogen Problem 


The nitrogen problem is one of foremost importance in American agricul- 
ture. There are four reasons for this: nitrogen is becoming increasingly deficient 
in most soils; its cost when purchased on the open market is often prohibitive ; 
it is removed from the soil in large amounts by crops; and it is readily lost from 
soils by leaching. A 50-bushel crop of corn requires about 75 pounds of nitrogen 
for its growth; and the loss of nitrogen from soils by leaching may vary from a 
few pounds to over one hundred pounds an acre in a year, depending upon 
the treatment of the soil, the distribution of rainfall, and the protection af- 
forded by growing crops. 

An inexhaustible supply of nitrogen is present in the air. Above each acre 
of the earth’s surface there are about 69 million pounds of atmospheric nitrogen. 
Leguminous plants such as clover are able, with the aid of certain bacteria, to 
draw upon the inexhaustible supply of air nitrogen, utilizing it in their food 
requirements. In so doing these leguminous plants, thru the decay of their own 
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tissues, add to the soil nitrogen that has been taken from the air and transformed 
into food material that can be assimilated by other kinds of crops that follow. 

There are two methods of collecting the inert nitrogen gas of the air and 
combining it into compounds that will furnish products for plant growth. These 
are the chemical and the biological fixation of the atmospheric nitrogen. Farmers 
have at their command one of these methods. By growing inoculated legumes, 
nitrogen may be obtained from the air, and by plowing under more than the roots 
of these legumes, nitrogen may be added to the soil. 

Inasmuch. as legumes are worth growing for purposes other than the fixation 
of atmospheric nitrogen, a considerable portion of the nitrogen thus gained may 


and 
All but. 


Fie. 9.—LEGuMES Can OBTAIN THEIR NITROGEN FROM THE AIR 
The photograph tells the story of how clover benefits the soil. In the pot at 
the left all the essential plant-food elements, including nitrogen, are supplied. In 
the middle jar all the-elements, with the single exception of nitrogen, are present. 
At the right nitrogen is likewise withheld but the proper bacteria are supplied 
which enable the clover to secure nitrogen from the air. 


be considered a by-product. Because of that fact, it is questionable whether the 
chemical fixation of nitrogen will ever be able to replace the simple method of 
obtaining atmospheric nitrogen by growing inoculated legumes in the production 
of our great grain and forage crops. 

It may well be kept in mind that the following amounts of nitrogen are re- 
quired for the produce named: 


bushel of oats (grain and straw) requires 1 pound of nitrogen. 

bushel of corn (grain and stalks) requires 114% pounds of nitrogen. 

bushel of wheat (grain and straw) requires 2 pounds of nitrogen. 

ton of timothy contains 24 pounds of nitrogen, 

ton of clover contains 40 pounds of nitrogen. 

ton of cowpea hay contains 43 pounds of nitrogen. 

ton of alfalfa contains 50 pounds of nitrogen. 

ton of average manure contains 10 pounds of nitrogen. 

ton of young sweet clover, at about the stage of growth when it is plowed under as 
green manure, contains, on water-free basis, 80 pounds of nitrogen. 


Bee eee pe 


The roots of clover contain about half as much nitrogen as the tops, and the 
roots of cowpeas contain about one-tenth as much as the tops. Soils of mod- 
erate productive power will furnish as much nitrogen to clover (and two or three 
times as much to cowpeas) as will be left in the roots and stubble. In grain 
crops, such as wheat, corn, and oats, about two-thirds of the nitrogen is contained 
in the grain and one-third in the straw or stalks. 
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The Phosphorus Problem 


The element phosphorus is an indispensable constituent of every living cell. 
It is intimately connected with the life processes of both plants and animals, the 
nuclear material of the cells being especially rich in this element. 

Different soil types display great variation in phosphorus content. In Illi- 
nois soils a range from 320 to 4,900 pounds an acre has been found in the sur- 
face 624 inches, depending mainly on the origin of the soil. 

The removal of phosphorus by continuous cropping slowly reduces the 
amount of this element available for crop use unless its addition is provided for 
by natural means such as overflow, or by agricultural practices such as the addi- 
tion of phosphatic fertilizers and the use of rotations in which deep-rooting 
leguminous crops are frequently grown. 

It should be borne in mind in connection with the application of phosphate, 
or of any other fertilizing material, to the soil, that no benefit can result until 
the need for it has become a limiting factor in plant growth. For example, if 
there is already present in the soil sufficient available phosphorus to produce a 
forty-bushel crop, and the nitrogen supply or the moisture supply is sufficient 
for only forty bushels, or less, then extra phosphorus added to the soil cannot 
increase the yield beyond this forty-bushel limit. 

There are several different phosphorus-containing materials that are used 
as fertilizers. The more important of these are rock phosphate, superphosphate, 
bone meal, and basic slag. 

Rock Phosphate.—Rock phosphate is a mineral substance found in vast de- 
posits in certain regions. A good grade of the rock should contain 12 to 15 
percent of the phosphorus element. The rock should be ground to a powder fine 
enough to pass thru a 100-mesh sieve, or even finer. 

Superphosphate-—Superphosphate is produced by treating rock phosphate 
with sulfuric acid. The two are mixed in about equal amounts; the product 
therefore contains about one-half as much phosphorus as the rock phosphate 
itself. By further processing, different concentrations are produced. The most 
common grades of superphosphate now on the market contain respectively 7, 834, 
and 1014 percent of the element phosphorus, and even more highly concentrated 
products containing as high as 21 percent are to be had. In fertilizer literature 
the term phosphorus is usually expressed as ‘‘phosphoric acid’’ (P,O,) rather 
than the element phosphorus (P), and the chemical relation between the two is 
such as to make the above figures correspond to 16, 20, 24, and 48 percent of 
phosphorie acid respectively. Besides phosphorus, superphosphate also contains 
sulfur, which is likewise an element of plant food. In general, phosphorus in 
superphosphate is considered to be more readily available for absorption by 
plants than that of raw rock phosphate. 

Bone Meal.—Prepared from the bones of animals, bone meal appears on the 
market in two different forms, raw and steamed. Raw bone meal contains, be- 
sides the phosphorus, a considerable percentage of nitrogen. If the material is 
purchased only for the sake of the phosphorus, the cost of the nitrogen repre- 
sents a useless expense. Steamed bone meal is prepared by extracting most of 
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the nitrogenous and fatty matter from the bones, thus producing a more nearly 
pure form of calcium phosphate, containing about 10 to 12 percent of the ele- 
ment phosphorus and about 1 percent of the element nitrogen. 


Basic Slag.—Basie slag, known also as Thomas phosphate, is another car- 
rier of phosphorus that might be mentioned because of its considerable usage 
in Europe and eastern United States. Basic slag is a by-product in the manu- 
facture of steel. It contains a considerable proportion of basic material and 
therefore tends to influence the soil reaction in the direction of reducing soil 
acidity. 

Comparative Value of Different Forms of Phosphorus——Obviously the car- 
rier of phosphorus that gives the most economical returns, considered from all 
standpoints, is the’ best one to use. Altho this matter has been the subject of 
much discussion and investigation, the question remains unsettled. The fact 
probably is that there is no single carrier that will prove the most economical 
under all circumstances because so much depends upon soil conditions, crops 
grown, length of haul, and market conditions. 

The relative cheapness of raw rock phosphate as compared with the treated 
material, superphosphate, makes it possible to apply for equal money expendi- 
ture considerably more phosphorus per acre in the form of rock than in the 
form of superphosphate, the ratio being, under present market conditions, 
roughly speaking 314 to 1; that is to say, a dollar will purchase about three and 
a half times as much of the phosphorus element in the form of rock phosphate 
as in the form of superphosphate, and this is an important consideration if one 
is interested in building up a phosphorus reserve in the soil. 

Rock phosphate may be applied at any time during a rotation, but it is 
applied to the best advantage either preceding a crop of clover, which plant 
seems to possess an unusual power for assimilating the phosphorus from raw 
phosphate, or else at a time when it can be plowed under with some form of 
organic matter such as animal manure or green manure, the decay of which 
serves to liberate the phosphorus from its insoluble condition in the rock. It is 
important that the finely ground rock phosphate be intimately mixed with the 
organic material as it is plowed under. 

In using superphosphate or bone meal in a cropping system which includes 
wheat, it is a common practice to apply the material in the preparation of the 
wheat ground. It may be advantageous, however, to divide the total amount 
to be used and apply a portion to the other crops of the rotation, particularly 
to corn and to clover. 


The Potassium Problem 


Our most common soils, the silt loams and clay loams, are well stocked with 
potassium, altho it exists mainly in a very slowly soluble form. Many field ex- 
periments in various sections of Illinois during the past twenty-five years have 
shown little or no response to the application of potassium in the production of 
our common grain and hay crops. On the light-colored soils of southern Illinois, 
however, where stable manure has not been employed, potassium has' been ap- 
plied with profit, the benefit appearing mainly in the corn crop. _ 
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Peat soils are usually low in potassium content. It has frequently been 
demonstrated in field experiments that the difference between success and failure 
in raising crops on peat land depends on the use of a potash fertilizer. 

Potassium has proved beneficial also on the so-called ‘‘alkali’’ spots oeeur- 
ring on certain soil types that are rather high in organic matter, including peat 
and very dark-colored sandy, silt, and clay loams. The potassium salts in this 
case appear to exert a corrective influence over what seems to be an unbalanced 
plant-food condition caused by an excess of nitrate in the soil. 

Potassium fertilizer may be procured in the form of one of its salts, such as 
ehlorid, sulfate, or carbonate of potassium, and any of these materials may be 
applied, where needed, at the rate of 50 to 150 pounds an acre, according to the 
method of distribution. For our most common crops about the only basis for 
choosing among these forms is the matter of price, taking into consideration the 
potassium content. Kainit is another substance containing potassium, but it is 
combined with magnesium in the form of a double salt. It is therefore less con- 
centrated than the salts mentioned, and so should be applied in larger quantities. 
An application of about 200 pounds or more of kainit to the acre is suggested. 


The Calcium and Magnesium Problem 


When measured by crop removals of plant-food elements, calcium is often 
more limited in Illinois soils than is potassium, tho magnesium may occasionally 
be the low element. In the case of calcium, however, the deficiency is likely to 
develop more rapidly and become much more marked beeause this element is 
leached out of the soil in drainage water to a far greater extent than is either 
magnesium or potassium. 

The annual loss of limestone from the soil depends upon a number of factors 
aside from those which have to do with climatie conditions. Among these factors 
may be mentioned the character of the soil, the kind of limestone, its condition 
of fineness, the amount present, and the sort of farming practiced. Because of 
this variation in the loss of lime materials from the soil, it is impossible to pre- 
seribe a fixed practice in their renewal that will apply universally. The tests for 
acidity and carbonates described above, together with the behavior of such lime- 
loving legumes as alfalfa and sweet clover, will serve as general indicators for the 
frequency of applying limestone and the amount to use on a given field. 

Limestone has a direct value on some soils for the plant food which it 
supplies, in addition to its value in correcting soil acidity and in improving the 
physical condition of the soil. Ordinary limestone (abundant in the southern 
and western parts of Illinois) contains nearly 800 pounds of calcium per ton; 
while a good grade of dolomitic limestone (the more common limestone of north- 
ern Illinois) contains about 400 pounds of calcium and 300 pounds of magnesium 
per ton. Both of these elements are furnished in readily available form in 
ground dolomitic limestone. 


The Sulfur Question 


In considering the relation of sulfur in a permanent system of soil fertility 
it is important to understand something of the cycle of transformations that this 
element undergoes in nature. Briefly stated this is as follows: 
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Sulfur exists in the soil in both organie and inorganic forms, the former 
being gradually converted to the latter form thru bacterial action. In this 
inorganic form sulfur is taken up by plants which in their physiological processes 
change it once more into an organic form as a constituent of protein. When 
these plant proteins are consumed by animals, the sulfur becomes a part of the 
animal protein. When these plant and animal proteins are decomposed, either 
thru bacterial action, or thru combustion, as in the burning of coal, the sulfur 
passes into the atmosphere or into the soil solution in the form of sulfur dioxid 
gas. This gas unites with oxygen and water to form sulfurie acid, which is 
readily washed back into the soil by the rain, thus completing the cycle, from 
soil—to plants and animals—to air—to soil. 

In this way sulfur becomes largely a self-renewing element of the soil, altho 
there is a considerable loss from the soil by leaching. Observations taken at the 
Illinois Agricultural Experiment Station show that 40 pounds of sulfur per acre 
are brought into the soil thru the annual rainfall. With a fair stock of sulfur 
such as exists in our common types of soil, and with an annual return, which of 
itself would more than suffice for the needs of maximum crops, the maintenance 
of an adequate sulfur supply presents little reason at present for serious concern. 
There are regions, however, where the natural stock of sulfur in the soil is not 
nearly so high and where the amount returned thru rainfall is small. Under 
such circumstances sulfur soon becomes a limiting element of crop production, 
and it will be necessary sooner or later to introduce this substanee from some 
outside source. Investigation is now under way to determine to what extent this 
situation may apply under Illinois conditions. 


Physical Improvement of Soils 


In the management of most soil types, one very important matter, aside from 
proper fertilization, tillage, and drainage, is to keep the soil in good physical 
condition, or good tilth. The constituent most important for this purpose is 
organic matter. Organic matter in producing good tilth helps to control washing 
of soil on rolling land, raises the temperature of drained soil, increases the 
moisture-holding capacity of the soil, slightly retards capillary rise and conse- 
quently loss of moisture by surface evaporation, and helps to overcome the 
tendency of some soils to run together badly. 

The physical effect of organic matter is to produce a granulation or mellow- 
ness, by cementing the fine soil particles into crumbs or grains about as large as 
grains of sand, which. produces a condition very favorable for tillage, percolation 
of rainfall, and the development of plant roots. 

Organic matter is undergoing destruction during a large part. of the year 
and the nitrates produced in its decomposition are used for plant growth. Altho 
this decomposition is necessary, it nevertheless reduces the amount of organic 
matter, and provision must therefore be made for maintaining the supply. The 
practical way to do this is to turn under the farm manure, straw, cornstalks, 
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weeds, and all or part of the legumes produced on the farm. The amount of 
legumes needed depends upon the character of the soil. There are farms, espe- 
cially grain farms, in nearly every community where all legumes could be turned 
under for several years to good advantage. 


Manure should be spread upon the land as soon as possible after it is pro- 
duced for if it is allowed to lie in the barnyard several months as is so often the 
ease, from one-third to two-thirds of the organic matter will be lost. 

As a general principle, straw and cornstalks should be turned under, and 
not burned. Corn-borer control, however, may demand unusual measures, even 
to the burning of the stalks. There also is considerable evidence indicating that 
on some soils undecomposed straw applied in excessive amount may be detri- 
mental. Probably the best practice is to apply the straw as a constituent 
of well-rotted stable manure. Perhaps no form of organic matter acts more 
beneficially in producing good tilth than cornstalks. It is true, they decay 
rather slowly, but it is also true that their-durability in the soil is exactly 
what is needed in the production of good tilth. Furthermore, the nitrogen 
in a ton of cornstalks is one and one-half times that of a ton of manure, and 
a ton of dry cornstalks incorporated in the soil will ultimately furnish as 
much humus as four tons of average farm manure. When burned, however, both 
the humus-making material and the nitrogen are lost to the soil. 


It is a common practice in the corn belt to pasture the cornstalks during 
the winter and often rather late in the spring after the frost is out of the ground. 
This trampling by stock sometimes puts the soil in bad condition for working. 
It becomes partially puddled and will be cloddy as a result. If tramped too late 
in the spring, the natural agencies of freezing and thawing and wetting and 
drying, with the aid of ordinary tillage, fail to produce good tilth before the 
corn is planted. Whether the crop be corn or oats, it necessarily suffers and if 
the season is dry, much damage may be done. If the field is put in corn, a poor 
stand is likely to result, and if put in oats, the soil is so compact as to be un- 
favorable for their growth. Sometimes the soil is worked when too wet. This 
also produces a partial puddling which is unfavorable to physical, chemical, and 
biological processes. The effect becomes worse if cropping has reduced the or- 
ganic matter below the amount necessary to maintain good tilth. 


' Systems of Crop Rotation 


In a program of permanent soil improvement one should adopt at the outset 
a good rotation of crops, including, for the reasons discussed above, a liberal 
use of legumes. No one ean say in advance, for every particular case, what crop 
rotation will prove best, because of variation in farms and farmers and in prices 
for produce. As a general principle the shorter rotations, with the frequent in- 
troduction of leguminous crops, are the best adapted for building up poor soils. 

On pages 46 and 47 are a few suggested rotations which may serve as 
models or outlines to be modified accerding to special circumstances. 
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Six-Year Rotations 


First year —Corn 

Second year —Corn 

Third year —Wheat or oats (with clover) 
Fourth year —Clover 

Fifth year —Wheat (with clover) 

Sixth year —Clover, or clover and grass 


In grain farming, with small grain grown the third and fifth years, most 
of the unsalable products should be returned to the soil, and the clover may be 
clipped and left on the land or returned after threshing out the seed; or, in 
livestock farming, the field may be used three years for timothy and clover 
pasture and meadow if desired. The system may be reduced to a five-year rota- 
tion by cutting out either the second or the sixth year, and to a four-year system 
by omitting the fifth and sixth years, as indicated below. 

The two following rotations are suggested as especially adapted for com- 
bating the corn borer: 


First year —Corn 

Second year —Soybeans 

Third year —Small grain (with legume) 
Fourth year —Legume 

Fifth year —Corn (for silage) 


First year Corn 

Second year —Soybeans 

Third year —Small grain (with legume) 
Fourth year —Legume 

Fifth year Wheat (with alfalfa) 


Siath year -—Wheat (with sweet clover) Siath year —Alfalfa 
Five-Year Rotations 
First year —Corn First year —Corn 


Second year —Wheat or oats (with clover) 
Third year —Clover 

Fourth year —Wheat (with clover) 

Fifth year —Clover 


Second year —Soybeans 

Third year —Corn 

Fourth year —Wheat (with legume) 
Fifth year —lLegume 


First year —Corn 

Second year —Cowpeas or soybeans 
Third year —Wheat (with clover) 
Fourth year —Clover 

Fifth year —Wheat (with clover) 


The last rotation mentioned above allows legumes to be grown four times. 
Alfalfa may be grown on a sixth field rotating over all fields if moved every 
Six years. 


Four-Year Rotations 


First year —Corn First year —Corn 


Second year —Wheat or oats (with clover) 
Third year —Clover 
Fourth year —Wheat (with clover) 


First year —Corn 

Second year —Cowpeas or soybeans 
Third year —Wheat (with clover) 
Fourth year —Clover 


Second year —Corn 
Third year —Wheat or oats (with clover) 
Fourth year —Clover 


First year —Wheat (with clover) 
Second year ——Clover 

Third year —Corn 

Fourth year —Oats (with clover) 


Alfalfa may be grown on a fifth field for four or eight years, which is to be 
alternated with one of the four; or the alfalfa may be moved every five years, 
and thus rotated over all five fields every twenty-five years. 
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Three-Year Rotations 


First year —Corn First year —Wheat or oats (with clover) 
Second year —Oats or wheat (with clover) Second year —Corn 
Third year -—Clover Third year —Cowpeas or soybeans 


By allowing the clover, in the last rotation mentioned, to grow in the spring 
before preparing the land for corn, we have provided a system in which legumes 
grow on every acre every year. This is likewise true of the following suggested 
two-year system : 


Two-Year Rotations 
iFirst year —Oats or wheat (with sweet clover) 
Second year —Corn 
Altho in this two-year rotation either oats or wheat is suggested, as a matter 
of fact, by dividing the land devoted to small grain, both of these crops can be 
grown simultaneously, thus providing a three-crop system in a two-year cycle. 
It should be understood that in all of the above suggested cropping systems 
it may be desirable in some eases to substitute barley or rye for the oats or wheat. 
Or, in some eases, it may become desirable to divide the acreage of small 
grain and grow in the same vear more than one kind. In all of these proposed 
rotations the word clover is used in a general sense to designate either red clover, 
alsike clover, or sweet clover, or it may include alfalfa used as a biennial. The 
mixing of alfalfa with clover seed for a legume crop is a recommendable prac- 
tice. In connection with livestock production it may be desirable to mix grass 
with the clover for pasture or hay. The value of sweet clover, especially as a 
green manure-for building up depleted soils, as well as a pasture and hay-crop, 
is becoming thoroly established, and its importance in a crop-rotation program 
may well be emphasized. 


SUPPLEMENT: EXPERIMENT FIELD DATA 


(Results From Experiment Fields on Soil Types Similar to Those Occurring in 
Macon County) 


The University of Illinois has conducted altogether about fifty soil experi- 
ment fields in different sections of the state and on various soil types. Altho 
some of these fields have been discontinued, the majority are still in operation. 
It is the present purpose to report the summarized results from certain of these 
fields located on soil types described in the accompanying soil report. 

A few general explanations at this point, which apply to all the fields, will 
relieve the necessity of numerous repetitions in the following pages. 


Size and Arrangement of Fields 


The soil experiment fields vary in size from less than two acres up to forty 
acres or more. They are laid off into series of plots, the plots commonly being 
either one-fifth or one-tenth acre in area. Each series is occupied by one kind 
of crop. Usually there are several series so that a crop rotation ean be carried 
on with each crop represented every year. 


Farming Systems 
On most of the fields the treatment provides for two distinct systems of 
farming, livestock farming and grain farming. 
In the livestock system, stable manure is used to furnish organic matter and 


nitrogen. The amount applied to a plot is based upon the amount that can be 
produced from crops raised on that plot. 


In the grain system no animal manure is used. The organic matter and 
nitrogen are applied in the form of plant manures, including the plant residues 
produced, such as cornstalks, straw from wheat, oats, clover, ete., along with 
leguminous catch crops plowed under. It was the plan in this latter system to 
remove from the land, in the main, only the grain and seed produced, except in 
the case of alfalfa, that crop being harvested for hay the same as in the livestock 
system but certain modifications have been introduced in recent years, as ex- 
plained in the descriptions of the respective fields. 


Crop Rotations 


Crops which are of interest in the respective localities are grown in definite 
rotations. The most common rotation used is wheat, corn, oats, and clover; 
and often these crops are accompanied by alfalfa growing on a fifth series. In 
the grain system a legume catch crop, usually sweet clover, is included, which 
is seeded on the young wheat in the spring and plowed under in the following 
spring in preparation for corn. If the red clover crop fails, soybeans are 
substituted. 

Soil Treatment 


The treatment applied to the plots at the beginning was usually standardized 
according to a rather definite system. With advancing experience, however, 
new problems arose calling for new experiments, so that on most of the fields 
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plots have been divided and a portion given over to new systems of treatment, 
at the same time maintaining the original system essentially unchanged from 
the beginning. 

Following is a brief explanation of this standard system of treatment. 

Ammal Manures—Animal manures, consisting of excreta from animals, with 
stable litter, are spread upon the respective plots in amounts proportionate to 
previous crop yields, the applications being made in the preparation for corn. 

Plant Manures.—Crop residues produced on the land, such as stalks, straw, 
and chaff, are returned to the soil, and in addition a green-manure crop of sweet 
clover is seeded in small grains to be plowed under in preparation for corn. (On 
plots where limestone is lacking the sweet clover seldom survives.) This prac- 
tice is designated as the residues system. 

Mineral Manures.—Limestone has usually been applied at the rate of 4 tons 
an acre as an initial application, and 2 tons an acre every four years thereafter 
until a considerable excess has accumulated in the soil. Rock phosphate has 
been applied at the rate of one ton an acre at the beginning, followed by an 
annual aere-rate of 500 pounds applied once in the rotation until a considerable 
excess has accumulated. Potassium has been applied usually in the form of 200 
pounds of kainit a year. When kainit was not available, owing to conditions 
brought on by the World War, potassium carbonate was used. 


Explanation of Symbols Used 


0 = Untreated land or check plots 

M = Manure (animal) 

R = Residues (from crops, and includes legumes used as green manure) 

L = Limestone 

P = Phosphorus, in the form of rock phosphate unless otherwise designated, 


(sP= superphosphate, bP— bone meal, rP= rock phosphate, s|P= slag 


phosphate) 
= Potassium (usually in the form of kainit) 
() = Parentheses enclosing figures, signifying tons of hay, as distinguished 


from bushels of seed 


THE MT. MORRIS FIELD 


The soil on the Mt. Morris experiment field, in Ogle county, represents fairly 
well the type Light Brown Silt Loam, described on page 22, altho the plots are 
not altogether uniform. This field was established in 1910. The plots considered 
here comprize four series under a rotation of corn, oats, clover, and wheat, with 
soil treatments as indicated in the accompanying table. The application of straw 
to the residues plots has been discontinued in these later years. In 1922 the 
application of limestone, and in 1923 the application of rock phosphate, were 
indefinitely suspended in order to observe the residual effect of these materials. 
The total quantity of limestone, applied since the beginning of the experiments 
averaged 734 tons an acre and the total amount of rock phosphate was 4 tons 
an acre. 
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Fig. 10.—Corn ON THE Mt. Morris FIELD 


The two pictures represent the extremes in corn production on this field. Where the un- 
treated land has produced as a sixteen-year average 43.4 bushels an acre, the land under the 
residues, limestone, phosphate, potash treatment has yielded 67.2 bushels. The most profitable 
treatment, however, has been that of residues and limestone, which has produced 62.4 bushels. 


A summary of the results of the work is given in Table 7, in the form of the 
average annual crop yields for the years since the complete soil treatments 
have been in effect. 


Tasie 7.—MT. MORRIS FIELD: Summary or Crop Y1IELps 
Average Annual Yields, 1913-1928—Bushels or (tons) per acre 


aie Soil treatment Wheat Corn Oats Clover! | Soybeans 
No. applied 14 crops | 16 crops | 16 crops | 18 crops | 2 crops 
1 Oi BOS as halon eee 22.1 43.9 57.3 (1.79) (1.56) 
2 Mores eee EC ee 26.6 59.0 66.9 (2.34) (1.70) 
Sill PIM Lik. dec ek hee ae ae ee 32.8 64.7 70.7 (2.90) (1.80) 
SS NY OF SP ae aie Ae. es 34.2 64.3 AS (2.84) (1.92) 
5 Use SO Racer as tii alec e sche 22.1 43.4 53.9 (1.52) (1.34) 
6 UN Ae oesatoiyic o): 24.2 50.5 58.0 (1.57) (1.60) 
vf Rilbe Ras Ao ae ee ete 31.7 62.4 68.1 (2.07) (1.89) 
8 REP is cle hee ene 34.7 65.8 69.8 (2.09) (2.07) 
9 REP KA 26, Saree, eee 35.2 67.2 70.6 (2315) (2.00) 
10 Ot ie yc ee eee 22.9 43.0 51.7 (1.64) (1.68) 
Crop Increases 

MM Over Obes aeea ee Ans isa) 9.6 ( 255) (pA) 

RB Over: Os ee are ee eee 21 tfeal 4,1 (20D) Ge26) 

Wid ‘over NL. tones ee 6.2 5.7 3.8 ( .56) ( .10) 

VR UNOM AINE A 5 o Gamo une 7.5 ES 10.1 ( .50) ( ..29) 

MEP tover Mie eee 1.4 —- 4 8 —( .06) (Gad) 

RIE over Riis eee 3.0 3.4 od ( .02) (a8) 
RGEC overni Waser ae 5 1.4 .8 ( .06),; |—( .07) 


*Including some seed evaluated as hay. 


1929] Macon County 51 


The outstanding results from these records are those produced by the manure 
treatment. Over 15 bushels of corn, over 9 bushels of oats, 414 bushels of wheat, 
and a half ton of clover have been the average annual acre increases in crop 
yields from the manure plots over the corresponding checks. Residues alone have 
also produced increases in the crop yields altho the effect is much less pronounced 
than that of manure alone. 

Limestone has been very profitably used in both the manure and residues 
systems but the benefit has been greater in the residucs system. 

The rock phosphate, as usual, has been somewhat more effective used with 
residues than with manure, but under present market conditions and used in 
the quantity employed in these experiments, it has thus far not returned its costs, 
even with residues. However, as noted above, applications of phosphate have 
been suspended and the residual effect of the accumulated phosphorus in the 
soil during the years to come will be awaited with interest. 

No significant effect is apparent from potassium as used in these experiments. 


THE DIXON FIELD 


A summary of the results from the Dixon experiment field are presented 
here, inasmuch as the soil of this field is similar to some of that found in Macon 
county. (See discussion of Light Brown Silt Loam, page 22). This field includes 
about 21 acres and is laid out into two general systems of plots, a major and a 
minor system. The results from the major system will be considered here. 


Taste 8.—DIXON FIELD: Summary or Crop YIELDS 
Average Annual Yields, 1912-1928—Bushels or (tons) per acre 


Serial on) treatment Wheat Corn Oats Barley Clover! | Soybeans 
plot applied 
No. PP 18 crops | 17 crops | 16 crops | 1 crop 10 crops | 5 crops 
1 On hoa on hot ee 19.9 36.9 48.1 43.3 (Gheral) (1.50) 
2 IM e cine Abo. 26.3 57.8 61.4 46.4 (2.45) (lara) 
3 We A 6 OS Oe Sera 60.6 65.3 90.2 (2.70) (1.87) 
MULE: oy So Oe eeene 33.8 63.0 66.9 58.3 (2.88) (1.91) 
5 Sn Une. 8. Oe 21.4 41.7 5320 49.5 (1.41) (GP) 
6 IRS als dan Boe 24.3 48.9 56.4 53.8 (1.49) (1.43) 
if 1a iat) oS Ol eee Pa ESTE 56.4 61.1 54.5 (1.79) (1.40) 
8 UI RA a's, sie te, 32.0 57.8 63.4 59.0 (2.04) (1.38) 
9 IMIDE ee See 61.4 64.0 56.9 (2.21) (1.42) 
TI OSQUR TO nec 3. otic ein eyecare 19.8 40.3 50.3 45.4 (1.81) (1.46) 
Crop Increases 
NI OVeM Os cy cthccie ae oe 6.4 20.9 1353 Sal (Caw) (325) 
ee One (0! 5 6 ad Bee 2.9 Une 3.4: 4.3 ( .08) (a6) 
MilbzoverwMy ........). 4.4 2.8 3.9 8.8 (25) Ce12) 
IRIL were 1, eee er 3.4 7.5 Aheey( sit ( .380) |—( .03) 
MLP over ML........ oul pdt ele By ( .13) ( .04) 
RiGPaower WE. 20)... aeo 1.4 223 4.5 ( .25) |—( .02) 
RERK over RUP...%. ihep) 3.6 .6 —2.1 GAL7s) ( .04) 


1JIncluding some seed evaluated as hay. 
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Fig. 11.—CLover oN UNTREATED LAND, DIXON FIELD 
A eutting of red-clover hay obtained from an untreated plot. Compare with the 


crop shown in Fig. 12. 

The rotation practiced has been wheat, corn, oats, and clover. The treatment 
of the plots and management of the crops were, for the most part, maintained 
up to 1922 according to the general plan described on pages 48 and 49. The most 
important modification of the plan has been the discontinuance, within the last 
few years, of the applications of limestone, phosphate, and straw residues, after 
the total quantity of limestone applied had reached the average amount of 8 tons 
an acre and the total phosphate 4 tons an acre. 

Table 8 gives a summary of the results in terms of the average annual crop 
vields obtained since the plots have been under complete treatment. 


SWEET CLOVER 
LIMESTONE 
ROCK PHOSPHATE fe 

| 1319 LBS. 


Fig. 12.—C.Lover ON TREATED LAND, DIXON FIELD 


A cutting of red-clover hay produced under the residues, limestone, phosphate treat- 
ment. Here we have a yield of 1,319 pounds, more than two and one-third times the 
yield on the untreated land. 
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In considering these results, the most striking feature to be observed is the 
outstanding effect of farm manure. The average annual increase due to the use 
of manure alone has amounted to nearly 21 bushels of corn an acre, more than 
13 bushels of oats, over 6 bushels of wheat, 34 of a ton of clover, and 14 of a ton 
of soybean hay. 

Organie manure in the form of crop residues has also produced increases 
in yields altho not to the extent of those produced by animal manure. 

Limestone in addition to organic manures has, with a single exception, ef- 
fected more or less improvement. On the whole it has become increasingly prof- 
itable so that in the last rotation period it has returned a net profit per ton 
applied of $5.50 in the manure system and $7.00 in the residues system. 

Rock phosphate, as usual, shows up to best advantage when used with resi- 
dues on the wheat crop. The effect on other crops, however, has been such that 
the increases in yield are not sufficient to cover the cost of the application under 
existing market conditions. 

Altho potassium has produced an average increase of 3.6 bushels an acre 
in corn, the effects on other crops are such as to render its use unprofitable in 
growing these common field crops. 


THE KEWANEE FIELD 

The Kewanee experiment field, located in Henry county, represents the soil 
type Brown Silt Loam, by far the most extensive type in Macon county. The 
matter of applying the results from this field to the Macon county areas is dis- 
cussed on page 23. 

This field has been in operation since 1915. It includes 20 acres of the dark- 
colored loessial soil characteristic of the region. Altho the main soil type repre- 
sented is Brown Silt Loam, a detailed examination reveals the presence of a 
second type, Black Clay Loam On Drab Clay, occupying the basin of the draw 
which traverses the field in a winding direction. In topography the land is rather 
rolling and has a tendency to wash at certain spots. The field is laid out in two 
systems of plots designated as the major and the minor series. The major system 
is devoted to the regular series of tests and the minor to a special phosphate study. 


The Major Series ; 


A rotation system of wheat, corn, oats, and clover has been practiced on the 
major series, the crops being managed mainly as described on pages 48 and 49. 
Since 1921 the clover on the residues plots has been harvested for hay instead of 
seed and the oat straw has not been returned to the land. Since 1922 the periodic 
application of limestone has been suspended after the different series had received 
an average total of 634 tons to the acre, and no more is to be applied until it shall 
be needed again. The practice of returning the wheat straw has been discon- 
tinued since 1922, and since 1925 only one crop of clover hay on the residues 
plots has been removed, the second crop being plowed down as green manure. 
The phosphate applications were suspended in 1927 after evening up all phos- 
phate plots to a total of 4 tons per acre. 
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TaBLE 9.—KEWANEE FIELD: Summary or Crop YIELDS 
Average Annual Yields 1917-1928—Bushels or (tons) per acre 


Serial Wheat Corn Oats, Clover! 
plot Soil treatment applied 
No. 10 crops 12 crops 12 crops 11 crops 
i OES arts 1 Scie. doe ec 29.0 54.6 59.0 (1.64) 
DEN CMe |e Sine cere Semanal teat ee 32.4 66.0 (ale (2.23) 
ie dl VL Daa toe arenes eter ace ee 38be2 70.6 73.2 (2.30) 
7 Tye WY 6 0 cee ete OM AGL ae hxc 40.0 (Pa! 72.4 (2.48) 
5 0 ee OF inte Ona eo euntcetrere ans 30.3 56.1 60.6 (1.56) 
6 Rb cs Dan fe ctecieecceerew ae peete 31.6 58.2 59.6 (1.46) 
7 BLS pinch wah cote eee bene oas 34.2 66.5 63.3 aA.) 
S| WIP < veeereCce 39.8 70.9 69.0 (1.89) 
Ola MRCIGE Ke tract acc aat a eee ee 40.6 74.4 70.6 (1.97) 
LOM Oia eb ss cc Ree ares O eie sehen even 28.1 50.3 56.4 (1.29) 
Crop Increases 
Mover O:.. doc as cmeiies ope 3.4 11.4 12.0 (59) 
DRNCh 5 th artatine Shee ar Sesion 1:3 2.1 — 1.0 —( .10) 
MT Over Ae ncasess co cestut sneer 2.8 4.6 2.2 (7307) 
RU OversEit ny acerca eee 2G 8.3 3.7 (eae) 
MILP over: Millis nonce cre oie 4.8 pe —- .8 ie) 
REP oversee. de eee 5.6 4.4 on (218) 
REPRKover Rue eae 8 3.5 1.6 ( .08) 


‘Including some seed evaluated as hay. 


Table 9 gives a summary of the results showing the average annual yields 
for the different kinds of crops, including the years since the complete soil treat- 
ments have been in effect. 

In looking over these results one may observe first the effect of animal 
manure, which has given profitable increases in all the crops. Residues alone 
show no significant effect. 

Limestone in addition to manure has resulted in a small improvement, prob- 
ably sufficient to cover the cost. It has been somewhat more effective in the 
grain system than in the livestock system. 

Phosphorus, as usual, shows up in these averages to best advantage on the 
wheat crop in the residues system. Where used with manure and limestone, 
little effect was produced except on the wheat; but where used with residues 
and limestone, fair increases were produced in all crops, sufficient to return a 
financial profit under present market conditions. A study of the detailed data 
reveals a fact of interest in this connection which these averages do not bring out, 
and that is that the phosphate exerted very little influence during the earlier 
years of the experiments. Within the past seven or eight years, however, the 
phosphorus treatment has come suddenly into evidence and the trend of its 
effectiveness seems at present to be on the upgrade. 

No significant response appears as the result of potassium fertilization, thus 
indicating the futility of purchasing potassium fertilizer for use in: this kind of 
a cropping system on this kind of soil. 
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Comparative Phosphate Experiments 


Four short series having only 4 plots each constitute the so-called minor 
system on the Kewanee field. ‘These plots are now given over to a comparison 
of the effectiveness of rock phosphate and superphosphate. 

Alfalfa was grown on these plots until 1922. In the beginning, limestone 
was applied to Plots 3 and 4 at the rate of 4 tons an acre. This application was 
repeated in 1919. In 1922 the present experiments with phosphates were begun 
and the same rotation practiced on the larger series described above was estab- 
lished on these series. In this comparison rock phosphate is used on Plots 1 and 
3 at the annual rate of 400 pounds an acre, applied once in the rotation ahead of 
the wheat, but since 1927 rock phosphate has been applied at the same 
time as the superphosphate. Superphosphate is used on Plots 2 and 4 at the 
annual rate of 200 pounds an acre. It is applied twice in the rotation, one-half 
for wheat and one-half for oats. A summary of the annual crop yields and cor- 
responding money values is given in Table 10. 


TaBLe 10.—KEWANEE FIELD: Puospuate EXPERIMENT 


Average Annual Crop Yields and Corresponding Money Values 1922-1928 
Bushels or (tons) per acre 


Wheat Corn Oats Legume Value 

Soil treatment applied hay per 

7 crops 7 crops 7 crops 7 crops acre 
Residues, rock phosphate.......... 43.3 74.1 76.5 (3.09) $43.89 
Residues, superphosphate.......... 45.1 73.0 78.2 (3.02) 44.17 
Residues, limestone, rock phosphate. 38.8 73.0 163.5 (3.09) 42.05 
Residues, limestone, superphosphate. 46.6 75.1 ide (3.01) 44.83 


In comparing these two forms of phosphate the following set of prices are 
assumed as representing the average market conditions for the past seven years 
(December 1 quotations) : wheat, $1.21 a bushel; corn, 68 cents; oats, 39 cents; 
and hay, $13.90 a ton. For the cost of the phosphorus carriers, an estimate of 
$12 a ton for rock phosphate and $24 a ton for superphosphate may be taken, 
thus making the expense for the two kinds of phosphate equal. 

With these prices applied to the yields given in Table 10, it is found that 
without limestone there is very little difference in value of crops produced under 
the two forms of phosphate. The 28 cents in favor of the superphosphate is 
searcely significant in view of the experimental errors involved in this sort of 
test. In the presence of limestone the difference in crop values is $2.78 per acre 
per year in favor of superphosphate. Wheat has been the crop most affected by 
the form of phosphate applied. 

It is to be borne in mind that the order of values can easily be shifted by a 
change in the relative yields of the respective crops or by a change in commodity 
prices. Furthermore no consideration has been given here to any possible differ- 
ence in the residual effects of the two forms of phosphate which might appear 
upon discontinuing the treatments. 
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THE BLOOMINGTON FIELD 


The experiments on the Bloomington field are of interest in connection with 
the management of Brown Silt Loam. This field is located in McLean county, 
northeast of the city of Bloomington. The work was started in 1902. Altho a 
fairly long period of years has been covered in these experiments, the field has 
only a single series of plots, so that only one kind of crop is represented each 
season. The crops employed have been corn, corn, oats, clover, and wheat; and, 
since 1905, they have been grown in the sequence named. 

Commercial nitrogen applied in the form of dried blood was used in the 
early years up to 1905, when crop residues and clover were substituted. For 20 
years all of the phosphorus on this field was applied in the form of steamed 
bone meal at thé'rate of 200 pounds an acre a year. 

Table 11 presents a summary of the work to 1923 by average annual yields. 
The comparisons in the lower part of the table show the effect of the different 
plant-food materials in the various combinations in which they were applied. 

The value of limestone on this field is difficult to assess on account of the 
erratic results found upon comparing Plots 1 and 2. Here both corn and wheat 


TasiE 11—BLOOMINGTON FIELD: Summary or Crop YIELDS 
Average Annual Yields 1902-1923—Bushels or (tons) per acre 


Serial Corn Oats Wheat Clover! 
plot Soil treatment applied 
No. 10 crops 4. crops 4 crops 3 crops 
it UE tee es oe Sactres Scarica onlboaon Sh 44.6 40.6 26.5 ( .74) 
PN PNP isi cr ssc cincidorrits goncc een 7 41.5 44.7 24.1 ( .80) 
Bet) PULLER. sche sa) eae co cay ae eae tha dene ee eee eae ake 47.5 46.2 27.9 ( .88) 
ANN LDP: lisa, octets Ce eee th ee Rereree roe ese 55.8 54.3 45.7 2.54) 
OY lie 1: Ceeeree wort) en contri nn oo ua DM 46.2 43.5 25.5 ( .90) 
OP RDP 4 Sears eia taste ae ene OR ee 60.6 66.0 49.7 (1.19) 
Ce | Wee I Sal meets Gt ccc Ceapntere ead.e Boe Gee 48.6 46.8 27.5 .82) 
Sle 10) ad) SA Se ner ae Ron Ml inicnde nae g tas 60.9 57.2 44.5 (2.44) 
Oe Wd RbPK on Ge ais. era teton ine nites 64.2 63.1 50.4 .81) 
1OPt| (ROPK ©... 2etvoc he he Gane eee heen 58.8 52.8 49.3 ( .83) 


For limestone 
over OF ieee renee secre ee — 3.5 4.1 — 2.4 ( .06) 
RDB over DPIC Ween n eet eet 5.4 10.3 ies —( .02) 
For residues 
R over Tbe.) States eee ee eae 6.0 1.5 3.8 .08) + 
LR bE, o overdub Rae oeemns oe eer 4.8 a 4.0 — (1.35) 
IR KaysOver Lia 2 ee 2 oes Rayan DEA Se3 2.0 —( .08) 
RDP KGover UDB KGa exc ae non seen nn 3.3 5.9 5.9 — (1.63) 
For phosphorus 
LbP Over Lis La he eee 14.3 9.6 21.6 (1.74) 
ISRDPAL Over LR ic. cepa rpdcine eeceeee 13.1 19.8 21.8 (31) 
LDP Ky over LKAr eee oases preter 14.7 als), 74 19.0 (1.54) 
IBRD RKC Over UR Kienee see eer eee 15.6 16.3 22.9 —( .01) 
For potassium 
OVER Liz ie simt otinan deen oeaigard tens 4.7 — 1.2 1.4 (a1) 
GRU overs Re prin eet. or ee a eae rial 6 — 4 —( .06) 
LbPKae over: LbP im 2 ee na ee eee Bel 2.9 — 1.2: |—( .10) 
CR be Keover LR DES pa aoe eee 3.6 — 2.9 Si, —( .38) 
1Two crops of seed on Plots 8, 6, 7, and 9 evaluated as hay. 
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appear to have suffered from the application of limestone, but the difficulty may 
well be attributable to soil variability. Comparing Plots 9 and 10, it would 
appear that in combination with residues, phosphorus, and potassium, the lime- 
stone on the whole was beneficial. 

The residues treatment, supplying organic matter and nitrogen, shows a 
beneficial effect on the grain crops, but not on the clover. 

The prominent feature of the results on the Bloomington field is the effect 
of phosphorus. In all of the grain crops on every plot where bone meal was 
applied, there was a remarkable response to the treatment, as shown by the in- 
creases in yields. This response appears in all the combinations, even without 
the presence of residues, altho in combination with either residues or potassium 
the effect is accentuated. For example, comparing Plot 3 with Plot 6 (limestone 
and residues, with limestone, residues, and phosphorus) we find that the phos- 
phorus treatment produced an average annual increase in the yield of corn of 
about 13 bushels an acre, while the yield of oats was increased by about 20 bush- 
els, and that of wheat by about 22 bushels. Similar increases, tho not so pro- 
nounced, appear in comparing Plot 5 with Plot 8, where potassium instead of 
residues was present. 

Quite different are the results from the use of potassium on this field. The 
potassium was applied mainly in the form of potassium sulfate, but in 1917 
when this material became unavailable thru war conditions, potassium carbonate 
was substituted. There was a moderate increase in the corn yield where potas- 
sium was used and particularly where residues were absent. Otherwise, the 
small gains shown on some plots are offset by losses on other plots, but these 
small differences are probably well within the limits of experimental error. 

Thus it appears that on this field, under this system of farming, the lack of 
phosphorus is the outstanding limiting factor in production and the application 
of this element in the form of steamed bone meal is attended by a high financial 
profit. 

New Phosphate Experiments 


In view of this remarkable response to bone meal on the Bloomington field, 
it was of interest to know how other carriers of phosphorus would behave, and 
accordingly some experiments were planned to investigate this question. For 
this purpose, the plots were divided in 1924 and certain new treatments were 
applied in order to compare the effeets of rock phosphate and of superphosphate 
with bone meal, and at the same time to determine the residual effect of the 
accumulated phosphorus resulting from the continuous application of the bone 
meal in presumably somewhat excessive amounts. 

The following modifications of the original plots were introduced: 

An extra plot, No. 11, was added to the series and all plots were divided 
into north and south halves. Residues, including cornstalks, the second crop of 
red clover, and other leguminous green manure crops are plowed down on all 
plots except Plot 1-S. Different phosphorus carriers are applied at the following 
acre-rates per rotation: bone meal, 1000 pounds, to. Plots 2-N, 4-N, 6-N, 8-N, 9-N, 
and 10-N; rock phosphate, 2500 pounds, to Plots 3-N, 5-N, 7-N, and 11-N; super- 
phosphate, 1000 pounds, to Plots 3-S, 5-S, 7-S, and 11-S. Two-fifths of the rota- 
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tion application of these phosphates is made preceding the oats crop, two-fifths 
ahead of the wheat crop, and one-fifth in preparation for the corn crop. 

Table 12 indicates the arrangement of these modified plots and also gives 
the results of the five years in which these later experiments have been in 
progress. 

In arriving at the financial results presented in the table, the values of the 
crops are based upon December 1 farm price quotations for the years in which 
the respective crops were produced. In deducting the annual cost for the dif- 
ferent treatments, the total amounts of materials applied during the entire 
period of operation on the field were prorated. The expense for limestone is 
reckoned here at $3 a ton, rock phosphate at $14, superphosphate at $28, bone 
meal at $48, and residues at 75 cents an acre. 

It should be mentioned in considering the results that the soil of these plots 
is rather variable, with little provision for duplication; and also that some of 
the treatments are not now strictly comparable with one another on account of 
the previous history of the plots. Nevertheless, making allowances for these 
facts, certain figures in the last column of the table showing the net average 
acre value per year indicate effects worthy of consideration. 


TaBLE 12.—BLOOMINGTON FIELD: New Puospuate EXPERIMENTS 
Crop Yields and Values 1924-1928—Bushels or (tons) and dollars per acre 


Sh Soil treatment applied 1924 | 1925 | 1926 | 1927 | 1998 Average annual acre values 
No. Cost of 
Previous Present Cate || Chores Wy Beat) Com oor Gross treatment Net 
ISP ax ttciete dai av pele’ Risen veutets cares 60.6 |( .79)}| 29.3 | 49.8 | 49.0 $29.29 $ .75 $28.54 
MPM Oe eciiela cues <iele 70 Quiieciaierarioe ele 58.4 |(2.54)| 19.5 | 41.0 | 33.4 28.82) eee 28.82 
Qa AL cs sisistiiereide are RLP (bone)..... 72.6 |(1.63)| 35.0 | 58.6 | 52.2 36.18 6.55 29.63 
be Sg eee FRG aie yerstele sees 53.2 |( .75)| 18.7 | 46.0 | 35.2 23.41 1.75 21.66 
aN GH UL ars bteiecdlnrevareiene RLP (rock)..... 68.2 |(2.18)] 32.5 | 63.6 | 64.6 39.35 5.25 34.10 
3-S | RL. RLP (super)....]} 71.3 |(1.74)| 41.0 | 67.6 | 59.6 40.18 4.55 35.63 
4-N | LP (bone) ..... RLP (bone)!....| 57.6 |(1.81)| 37.3 | 60.0 | 49.6 35.79 6.55 29.24 
4-S | LP (bone)...... RLP (bone)?....} 67.2 |(1.89)] 36.7 | 63.6 | 60.0 38.71 5.30 33.41 
BNA Ei Seictetacaicis slats RLKP (rock)...} 63.2 |(1.66)| 32.5 | 61.4 | 56.2 35.73 7.65 28.08 
Beet MER ene crate ye RLKP (super) ..| 78.4 |(1.59)| 40.7 | 69.4 | 55.6 39.99 6.95 33.04 
6-N | RLP (bone)....} RLP (bone)!....| 68.8 |(2.18)| 40.5 | 60.8 | 55.8 39.73 6.55 33.18 
6-S | RLP (bone)....| RLP (bone)?....} 71.6 |(2.21)| 40.0 | 64.2 | 60.4 41.09 5.30 35.79 
Ma) ERIE. aaelerereiers RLKP (rock)...| 71.2 |(2.11)] 35.3 | 66.4 | 58.4 39.62 7.65 31.97 
meal WEEDS 5c enero RLKP (super) ..| 80.9 |(1.66)] 40.7 | 74.8 | 62.8 42.23 6.95 35.28 
8-N | LKP (bone)....| RLKP (bone)!..| 60.9 |(1.69)| 39.2 | 67.4 | 56.2 38.10 8.95 29.15 
8-S | LKP (bone)....} RLKP (bone)?..} 65.0 |(1.59)| 36.0 | 69.4 | 63.0 38.62 7.70 30.92 
9-N | RLKP (bone). .} RLKP (bone)!. .| 60.9 |(2.18)| 43.8 | 75.8 | 60.4 42.56 8.95 33.61 
9-S | RLKP (bone). .| RLKP (bone)?. .| 72.2 |(1.65)] 41.5 | 77.8 | 62.6 41.97 7.70 34.27 
10-N | RKP (bone)....] RKP (bone)!....} 48.2 |(1.93)| 45.7 | 56.6 | 51.2 37.02 7.95 29.07 
10-S | RKP (bone)....] RKP (bone)?....| 51.2 |(1.53)] 43.0 | 60.6 | 58.0 36.89 6.70 29.99 
11-N (3) RPI (rock) a. 70.4 |(1.68)} 45.3 | 61.8 | 47.4 38.43 4.25 34.18 
11-S (8) RP (super).....} 60.0 |(1.78)! 44.5 | 63.0 | 57.2 39.11 3.55 35.56 


1Bone meal applications omitted from 1917 to 1924. 


2No bone meal applied since 1917. 


3New plot added in 1924. 
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In answering the question as to whether other carriers of phosphorus would 
be as effective as the bone meal in building up this soil, attention is called to 
the results on Plots 2-N, 3-N, and 3-S where bone meal, rock phosphate, and 
superphosphate respectively have been employed in addition to limestone and 
residues. Unfortunately the comparison here is not altogether perfect in that 
the residues treatment on Plot 2-N was not introduced until 1924, whereas the 
other two plots had been under residues in the old system before the present 
experiments were begun and may, therefore, have an advantage in this respect 
over the bone-meal plot. However this may be, the results as they stand at 
present place both rock phosphate and superphosphate ahead of bone meal. 

Between rock phosphate and superphosphate four direct comparisons in dif- 
ferent combinations with other materials are afforded (Plots 3, 5, 7, and 11). 
In some years on some plots the results are in favor of superphosphate; in other 
years on the same plots the reverse is true. As the results stand at present, the 
majority are in favor of superphosphate but their inconsistency makes it difficult 
to come to any final conclusion. It may be noted that in these comparisons the 
two materials are not applied in amounts proportionate to equal cost as in other 
eases reported. Here 200 pounds per acre per year of superphosphate figured 
at $2.80 are applied against 500 pounds of rock phosphate valued at $3.50 per 
acre per year. 

For light on the question of residual effect of accumulated phosphorus in 
the soil, attention is called to the results on Plots 4, 6, 8, 9, and 10, where the 
north half-plots are now regularly receiving bone meal, while the south halves 
have received none since 1917. Invariably the net return is higher on the south 
half, thus indicating that the reserve phosphate accumulated in the soil from 
previous applications is still exerting a beneficial effect that is more than ade- 
quate to offset the expense involved in renewed applications. 

By way of a summary of the main lessons brought out at this time by the 
Bloomington experiments, the following statements may be made. 

1. The results indicate an outstanding phosphorus hunger. 

2. This phosphorus need is satisfied by the application of either bone meal, 
rock phosphate, or superphosphate. 

3. There is a pronounced residual effect from previous excessive applications 
of phosphorus carried in the form of bone meal. 


THE ALEDO FIELD 

An experiment field representing the soil type Brown Silt Loam On Clay 
is located in Mercer county just west of Aledo. This field has been in opera- 
tion since 1910. From its physical aspects this field should be well adapted 
to experimental work, the land being unusually uniform in topography and in 
soil profile. 

There are two general systems of plots and they are designated as the major 
and the minor systems. The major system comprizes four series made up of 10 
plots each. The plots were handled substantially as described for standard 
treatment until 1918, when it was planned to harvest the first crop of red clover 
on the residues plots for hay and to plow down the second crop if no seed were 
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formed. In 1921 the return of the oat straw was discontinued. In 1923 the 
rotation was changed to one of corn, corn, oats and wheat. In this rotation it 
was planned to seed hubam clover in the oats on all plots, for use as hay or for 
soil improvement, and common sweet clover in the wheat on the residues plots 
for use as a green manure. Since this change, no residues except cornstalks and 
the green manure have been returned to the residues plots. The limestone 
applications were temporarily abandoned in 1923 after the different series had 
received 714 to 9 tons an acre and no more will be applied until a need for lime 
appears. The phosphate applications were evened up to a total of 4 tons an acre 
in 1924, and no more will be applied for some time at least. 

A summary of the results, showing the average annual yields obtained for 
the period beginning when complete soil treatment came into sway is given in 
Table 13. Comparisons in terms of crop increases, intended to indicate the effect 
of the different fertilizing materials applied is shown in the lower section of 
the table. 

In looking over these results, one may observe first the beneficial effect of 
animal manure on all crops but especially on corn. This suggests the advisa- 
bility of carefully conserving and regularly applying all stable manure. Resi- 
dues alone have been beneficial for the second year corn but have shown little 
effect on the other crops of the rotation. 

Where limestone has been applied, there is usually some increase in average 
yields, sufficient, at least, to cover the cost of the limestone. 


TaBie 13.—ALEDO FIELD: Summary or Crop Yirips 
Average Annual Crop Yields 1912-1928—Bushels or (tons) per acre 


Stubble clover 


Serial Wheat} Corn | Oats | Clover] Soy- Siceat 
plot Soil treatment applied beans! mie Hubam? 
No. 14 crops|23 crops|16 crops} 6 crops | 3 crops | 2 crops | 2 crops 
DOL X ahere as ayare ote a teste rie ee 29.9 1" 56.0'| 58.6} (2.21) 9G GO) eepeeeeene | Penney: 
7a Ns Pan NE a eg Ce} ok ne) 35.1 69.9 | 65.7 | (2.74) | (G3) a een teeter 
Sy a 8 OR omits aca A ia oy Heide. chee 30.5 | 73.5} 68.5 |-(3.12) | (T60)n eee (1/12) 
CMU. Nix, cc eee me ete 37.2} 74.7 | 69.5 | (3.05): | (Git Rear (1.20) 
Sl UE MeO Sato cus '5.ctce 31.0 | .58.0 | 60.0 | (2.00)") (UkGD) | eeemeean eer: 
CPM TER ho SER eee te 81.8 | 64.5 | 61.5 | (1791)) | (GliG5) i peers reer: 
(Prt 8 RIE ecco c acigh. Ok 34.2 | 71.7 | 66.8 | (1.79) | (1.88) | (257) | € 252) 
SPRUE. 2. bine cro ee eee eee 37.9 | 74.1} 68.3 | (2.08) | (2.08) | (1.66) | ( .80) 
Oi ARG P IK. : 3... ts cute eaeeeete eer 37.8 | 75.4 | 70.7 | (1.73) | (2.09) | (1.99) | ( .57) 
KORA eerie Set nicks comes omic 30.2 | 906.3 | 58.8 | (2.38)- |G) 0 Rees eee 


Mower 0.81.0.) eee eee aay 13.9 ei! (53) (03) eee eC 
Rover 0.5... eee eee 8 6.5 1.5 |—(.09))) (ClO eee | ener ns 
INU over Mie eee 4 3.6 2.8 (.38) |=1(.103))| eee (1.12 
Ri overcR 2 ee eee. Qk lee 5.3 |—(.12)) |) 1623) Geo anle. 52) 
NIE over) Vili eer ee eee ea ite2 1.0 |—(.07 (01). | eee ( .08) 
REP Fover nee eee 5 Uf 2-4. 1S (. 29)! (15) Ga O9)a a(S) 


RLPK over RLP.......... 4 2.4 |~(.35)| (06 )Migupaneee 23) 


‘Soybeans all evaluated as hay, altho some plots were harvested as seed. 
°Two crops hubam on Plots 3 and 4 but only 1 crop on 7, 8, and 9. 


— 
_ 
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The addition of rock phosphate to the treatment has had very little effect 
in the manure system. Somewhat more favorable are the results in the residues 
system, but under present market conditions, the cost of rock phosphate applied 
in the manner of these experiments exceeds the value of the crop increase. How- 
ever, the economic story has not all been told, for the application of lime and 
phosphate has been discontinued in order to observe the residual effects. The 
results of the next few years, therefore, will be awaited with great interest. 

For the effect of potassium treatment Plots 8 and 9 should be compared. 
No significant response appears from this treatment so far as these common 
field crops show. 


Special Phosphate Experiments 


The so-called minor system of plots on the Aledo field is given over to a 
comparison of the effectiveness of different carriers of phosphorus. 

In this experiment each series contains four plots. Plot 1 receives residues 
treatment only; Plot 2 receives residues and phosphorus in one of the forms 
under test; Plot 3 receives residues, limestone, and phosphorus; and Plot 4 is 
similar to Plot 3 with phosphorus omitted. On one series steamed bone meal is 
used as the carrier of phosphorus and is applied at the rate of 200 pounds per 
aere per year. On another series superphosphate is applied at the yearly rate of 
33314 pounds per acre. On a third series rock phosphate serves as the souree 
of phosphorus and is applied at the rate of 66624 pounds per acre per year. 
On the last series basic slag phosphate is applied at the rate of 250 pounds per 
acre per year. 

The yields for all crops harvested on these plots are recorded in Table 14. 
Table 15, which is derived from Table 14, shows the value of the increase in crop 

yield presumed to have resulted from applying the various forms of phosphatic 


TaBLE 14.—ALEDO FIELD: PxHospHatre ExpEeRIMENT 
Annual Crop Yields—Bushels or (tons) per acre 


Plot Soil 19161} 19171} 1918!| 1919 | 1920 | 1921 | 1922 | 1923 | 1924 | 1925 | 1926 | 1927 | 1928 
No. | treatment | Corn | Oats | Soy- |Wheat} Corn |} Oats |Clover| Corn | Corn | Oats |Wheat} Corn | Corn 
applied beans hay 
501 UG WAG 53.4 | 85.5 | 18.9 | 32.4 | 72.8 | 48.9 | (2.88)| 83.5 | 58.2 | 63.9 | 44.0 | 33.9 | 69.8 
502 RDP eae oos 61.7 | 91.7 | 19.0 | 34.7 | 86.4 | 61.9 |(3.25)| 82.7 | 66.0 | 75.0 | 59.2 | 63.2 | 71.7 
503 BGbP ee ai. 61.5 | 90.6 | 23.2 | 35.6 | 87.3 | 53.3 | (8.48)| 82.5 | 66.8 | 73.4 | 62.0 | 71.3 | 78.3 
504 RE wads as 65.1 | 80.5 | 22.6 | 32.9 | 77.7 | 47.7 | (2.61)| 88.2 | 60.3 | 64.5 | 44.6 | 58.5 | 72.0 
601 FR tints arate 565.2 | 84.7 | 19.5 | 33.0 | 71.2 | 58.6 | (3.17)| 84.7 | 57.3 | 64.4 | 43.3 | 37.2 | 71.3 
602 ReB ii. ase 57.8 | 87.7 | 18.7 | 38.3 | 87.1 | 60.9 | (3.23)| 82.5 | 65.9 | 76.1 | 60.6 | 54.8 | 73.2 
603 Riise act. 64.7 | 83.4 | 23.1 | 38.2 | 88.1 | 52.3 | (3.53)| 77.6 | 64.7 | 78.1 | 64.4 | 67.0 | 74.9 
604 Riise 51.9 | 81.7 | 24.6 | 32.8 | 84.9 | 50.2 | (3.06)} 84.1 | 51.9 | 64.1 | 47.3 | 60.8 | 74.4 
701 BP cryetarta trees 54.3 | 83.1 | 20.8 | 34.2 | 75.6 | 52.8 | (3.41)} 82.8 | 61.2 | 66.6 | 44.8 | 39.9 | 72.3 
702 Rees cas 58.8 | 83.3 | 23.3 | 36.7 | 80.4 | 63.0 | (3.60)| 87.8 | 69.3 | 70.3 | 59.2 | 61.8 | 74.3 
703 BUloE errr cars 57.2 | 81.2 | 28.1 | 36.7 | 80.2 | 53.3 | (3.82)| 86.6 | 70.8 | 67.8 | 57.5 | 67.8 | 76.5 
704 UIs eine, 52.1 | 81.7 | 26.9 | 34.1 | 82.0 | 48.9 | (3.15)} 84.6 | 62.5 | 66.3 | 48.8 | 63.0 | 74.6 
801 Reaves 57.6 | 73.8 | 18.0 | 33.7 | 68.1 | 54.8 | (2.62)| 74.3 | 58.8 | 45.0 | 45.8 | 42.2 | 70.4 
802 Ral A sre 56.4 | 87.8 | 20.6 | 38.1 | 81.0 |] 66.2 | (3.66)| 80.0 | 69.1 | 66.3 | 60.2 | 60.7 | 69.3 
803 Rist Pehie Doroliceseiee.t | 08.4 | 83.6 | 57.0 | (8.63)| 82.0: | 70.2 | 66.7 | 66.0.| 73.1 | 71.0 
804 RbL.......| 51,8 | 77.5 | 21.8 | 33..3:| 70.4 | 59.8 | (2.99)| 82.6 | 59.9 | 53.9 | 48.2 | 60.4 | 75.1 


1No residues. 
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fertilizers for the 13 crops harvested since the beginning of the applications up 
to 1928. In computing these comparisons, each phosphate plot is compared with 
its neighboring non-phosphate plot. Aside from the soybeans, the figures show 
without exception more or less crop increase on the phosphorus plots, no matter 
what the form of carrier employed. 

The difficulty in arriving at a general conclusion regarding the comparative 
economy in the use of these different phosphorus materials is obvious, for all 
depends upon their relative cost, which fluctuates from time to time Further- 
more, the prices received from farm produce likewise fluctuate; and to compli- 
cate matters still further, these fluctuations do not necessarily run parallel with 
those of the fertilizer cost. However, one may compute for himself the relative 
economy of producing these crop increases by applying any set of prices for 
crops and fertilizers which appear to be most applicable according to prevailing 
market conditions. For the purpose of furnishing an illustration of such a 
computation, the December 1 market quotations for the years in which the re- 
spective crops were actually produced have been applied to the results of these 
Aledo plots. The value of scybeans is arbitrarily set at $1.50 a bushel. For the 
cost of fertilizer materials the prices of phosphates are estimated as follows: 
bone meal, $40 a ton; superphosphate, $24; rock phosphate, $12; and slag phos- 
phate, $20 a ton. 

Reckoned on the basis of the above prices, it appears from the last column 
of Table 15 that slag phosphate has produced the most profitable returns of the 
four phosphorus earriers in the test, bringing an average profit of $4.89 an acre 
yearly where applied without limestone and $3.57 where applied with limestone. 


TaBLE 15.—ALEDO FIELD: Puospuate EXPERIMENTS 


Value of Crop Increases Produced by the Various Forms of Phosphate, 
Computed From Yields in Table 14 


Wheat Corn Oats Clover Soy- Total | Cost of | Profit 
, Pi Profit 
Comparison of beans |increase| phos- from 
per acre 
treatments phate 
2crops | 6 crops | 3 crops | 1 crop 1 crop | 13 crops | 18 crops | 13 crops eet 
Bone meal, residues, over resi- 
(GOST eistacstc eta’. v ceoteto wy eyettes $23.35 | $44.04 | $11.67 | $ 4.63 | $ .15 | $83.83 | $52.00 | $31.83 | $ 2.45 
Bone meal, residues, lime, 
over residues, lime........ 26.90 27.01 11.31 10.88 -90 77.00 52.00 25.00 1.92 
Superphosphate, residues, 
OVEN MRESIOUECS 2 ay.51. ee ee 32.23 32,12 8.15 .75 |— 1.20 72.05 52.00 20.05 1.54 
Superphosphate, residues, 
lime, over residues, lime...| 32.20 25.33 6.62 5.88 |— 2.25 67.77 52.00 15.77 1521 
Rock phosphate, residues, 
OV er TESIQUES sa <2 cc ee cio 22.81 34.51 4.38 2.38 3.75 67.83 52.00 15.83 1.22 
Rock phosphate, residues, 
lime, over residues, lime ...| 16.07 17.15 1.49 8.38 1.80 44.89 52.00 |— 7.11 |— .55 
Slag phosphate, residues, 
ODER TESIOUEH © 5, ca teinyson ener 26.80 32.46 19.86 13.00 3.90 96.02 32.50 63.52 4.89 
Slag phosphate, residues, sy 
lime over residues, lime... . | 32.43 24.59 11.07 8.00 2.85 | °78.94 32.50 46.44 3.57 
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Bone meal has given an average profit of $2.45 applied without limestone and 
$1.92 applied with limestone. Superphosphate has returned $1.54 used without 
limestone and $1.21 used with limestone. Rock phosphate has produced a profit 
of $1.22 an acre a year when applied without limestone and a loss of 55 cents 
when used with limestone. 

In considering these results, it may be pointed out that the quantities of 
phosphatic materials employed in these experiments are, with the possible excep- 
tion of the slag phosphate, greater than ordinarily would be used, or need to be 
used, in good farm practice. Moreover, no consideration is given in these com- 
parisons to the relative phosphorus reserves which should have accumulated in 
the soil. Finally, it should be emphasized that the order of these values might 
be easily shifted by relatively small change in commodity prices. 


Limestone at the rate of 4 tons an acre was applied to Plots 3 and 4 in 1912 
when the land was still under alfalfa, and another dressing was added in 1917 
after the present experiments were under way. The results from the limestone 
treatment are shown in Table 16. 

At the prices for produce and limestone assumed in these computations, a 
profit of $1.69 an acre a year for limestone applied without phosphate of any 
kind is found. Where limestone was applied with bone meal, the limestone 
profit was 99 cents an acre a year, and with superphosphate it was likewise 99 
cents an acre. Used with rock phosphate, the crop increases were so small that 
there was a loss of 10 cents an acre a year. Applied with slag phosphate, the 
returns show a profit of 94 cents an acre a year. 


Taste 16.—ALEDO FIELD: PuospHate EXPERIMENTS 
Value of Crop Increases Produced by Limestone, Computed From Yields in Table 14 


Wheat Corn Oats Clover Soy- Total | Cost of | Profit Profit 
Comparison of 5 beans |increase| lime- from | per acre 
treatment stone! per year 


2crops | 6 crops | 38crops | 1 crop 1 crop | 13 crops | 13 crops | 13 crops 


Limestone, residues, over 
POSULUOH ois, aketanetersis oinae-¥ ms $3.25 | $22.14 | $—.40 | $—.84 $7.01 | $31.16 $9.18 | $21.98 $1.69 


Limestone, residues, bone 
meal, over residues, bone 
MRNOGL) ; thavatarete coral iedeie-chseoks. 5.31 11.35 | —3.76 2.88 6.30 | 22.08 9.18 12.90 .99 


Limestone, residues, super- 


phosphate, over residues, 
superphosphate.......... 4.43 11.93 | —4.58 3.75 6.60 22.02 9.18 12.84 .99 


Limestone, residues, rock 


phosphate, over residues, 
rock phosphate........... —2.07 5.00 | —5.04 2.75 7.20 7.84 9.18 |— 1.34] — .10 


Limestone, residues, slag 
phosphate, over residues, 
slag phosphate........... nih 11.26") —1,.81 | — .38 4.65 21.44 9.18 12.26 94 


10 wing to the fact that the first application of limestone on these plots was made for alfalfa four years before the 
present experiments were started, the total expense of $12 an acre for limestone is prorated, leaving a charge of $9.18 
for the 13 crops involved in the present experiments. 
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It appears, therefore, that by distributing the cost of the limestone over 
the years since its first application, this material has returned a moderate profit 
except where used with rock phosphate. 

It should be observed that the Aledo field represents one of those borderline 
eases, so to speak, in which the upper soil is nearly neutral or only slightly acid 
and the lime requirement, therefore, is not very marked. As time goes on, how- 
ever, and cropping continues, a greater need for lime will probably develop. By 
discontinuing liming on these plots the annual cost of the limestone already 
applied is automatically reduced, so that net returns which hitherto have perhaps 
represented an actual loss may sooner or later result in a positive profit. 


he THE HARTSBURG FIELD 

Black Clay Loam, as noted on page 24, occupies over 100 square miles in 
Macon county. The results of the Hartsburg field, situated in Logan county 
just east of the town of Hartsburg, are suggestive of the treatments that are 
effective on this type of soil. 

The Hartsburg field was started in 1911. It is laid off in five series of 10 
plots each. The crop rotation up to 1923 was wheat, corn, oats, and clover, with 
alfalfa growing on a fifth series. 

The crops were handled mainly as described on pages 48 and 49 until 1918, 
when it was planned to remove one hay crop and one seed crop of clover from the 
residues plots. In 1921 it was decided to harvest all the clover as hay. At that 


Tasie 17.—HARTSBURG FIELD: Summary or Crop YIELDS 
Average Annual Yields 1913-1928—Bushels or (tons) per acre 


Wheat | Barley Corn Oats Clover Soy- Alfalfa Stubble clover 
Serial Soil beans 
plot treatment 
No. applied ‘ Hubam | Sweet 
clover 
13 crops| 1 crop |24crops|17 crops| 7 crops | 2crops | 8 crops | 1 crop 1 crop 
1 OARS ccoec uke See 24.9 35.4 48.1 48.1 (1.84) | (1.29) |) Gee ealilcie eset 
2 IMG A. sekenerateecis desert 29.2 44.2 58.8 52.9 (2.16) | (1..64))]| “(SxOT i iGteoni arcs 
3 INT Eset case ceetae epee 34.0 50.0 64.5 58.3 (2.32) | (1.82) (SPOR Gee o mires ars 
4 WMP? Sion lew stemetee 36.2 50.0 63.8 57.8 (2.39).}, (LS92) i) StS eae otters 
5 OND von vets errors 29.7 42.7 53.3 47.0 (1.28) 25.8 (3.38) ere itratas ts 
6 LSS EE ROA tok eter, 32.7 47.5 63.7 53.3 (1.67) 26.8 (3.78) | “© .7@5)] € .85) 
7 RUG acs 30.1 53.3 66.9 51.3 (1.64) 28.4 (3.45) | ( .68)} ( .75) 
8 RU Pease crc eteecee aces 34.3 46.9 67.3 55.4 (1.79) 26.1 (4.04)| ( .72)| ( .90) 
9 13 OFT 22 & Caan a eRe ort 33.4 55.6 65.4 54.5 (1.70) 26.4 (4.16)| ( .80)} (1.00) 
10 0 30.5 45.8 52.8 48.0 (2.02) |. (1.69): KSe2G hemo ete 


Vino vier! 0. creer 4.3 8.8 10.7 4.8 (...82))]) (C35) 1G Ores citer tereve tors 
EUS OVC 0}. ax.5-rra evens 3.0 4.8 10.4 6.3 ( .39) 1.0 ( .45)| ( .04)| ( .85) 
ML Soveri Mi. creer 4.8 5.8 5.7 5.4 ( .16) |) © . 28) Grea yi eee eeateete a's 
RG OVEr Rance ele eenO 5.8 3225 = 2.0) t= .03) 1.6 |—( .33)}—€.07))|—( -10) 
MLP over ML...... 2.2 ORO Mk ein | eo ( .07),|,€ 210) “GZS eecO) crs oer. 
RLP over RL....:.- 4.2 |— 6.4 .4 4.1 (15) \ = 2n3 ( .59)} «i( .04)} ( .15) 
RLPK over RLP..../— 9 Ch Ne I ese eae 20) .3 (©. 12) BGS) G18): 
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time the return of the oat straw to the land was discontinued. In 1922 the return 
of the wheat straw was likewise discontinued. The application of limestone was 
discontinued in 1922 after amounts ranging from 714 to 10 tons an acre on the 
different series had been applied, and no more will be added until further need for 
it becomes apparent. In 1923 the phosphate applications were evened up to a total 
of 4 tons an acre on all phosphate plots, and no more will be applied for an indefi- 
nite period. At that time the rotation on the first four series was changed to 
corn, corn, oats, and wheat with a seeding of hubam clover in the oats on all plots, 
and a seeding of biennial sweet clover in the wheat on the residues plots. The 
rotation was changed also on the fifth series to corn, oats, wheat, and a mixture 
of alfalfa with red clover. The soil treatments are as indicated in Table 17, 
which summarizes by crops the yields for the period during which the plots 
have been under full treatment. 

The outstanding feature of the results on the Hartsburg field is the large 
increases produced by organic manure whether in the form of crop residues or 
stable manure. The behavior of limestone is rather peculiar in that it has been 
more beneficial where applied with manure than where used with residues. Used 
with manure it shows some increase in practically all crops, while with residues 
its effect on several of the crops appears negative. 

Altho rock phosphate has given some increases in wheat yield in both the 
manure and the residues systems, the results with other crops have been such as 
to render the use of this material unprofitable on this field. The addition of po- 
tassium appears to have produced no significant effect except on the one barley 
crop. 


THE VIENNA FIELD 


Macon county, as indicated in the descriptions of certain of its soil types, 
includes considerable land that is subject to destruction thru erosion or washing. 
Yellow Silt Loam, which occupies about 20 square miles in the county, is par- 
ticularly susceptible to this kind of damage. Operators of land in Macon county 
will therefore be interested in experiments conducted on the Vienna field, in 
Johnson county, to test out different methods of reclaiming badly gullied land 
and preventing further erosion. 

The Vienna field is representative of the sloping, erodible land so common 
in the extreme southern part of the state. When the experiments were started 
the whole field, with the exception of about three acres, had been abandoned be- 
cause so much of the surface soil had washed away, and there were so many 
gullies that further cultivation was unprofitable. For the purpose of the ex- 
periments the field was divided into different sections (see Table 18). These 
were not entirely uniform; some parts were much more washed than others, 
and portions of the lower-lying land had been affected by soil material washed 
down from above. The higher land had a very low producing capacity ; on many 
spots little or nothing would grow. 

Limestone was applied to the entire field at the rate of 2 tons an acre. Corn, 
cowpeas, wheat, and clover were grown in a four-year rotation on each section 
except the one designated as D, which included but three plots. 
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Fic. 13.—ProPER SOIL AND CROPPING METHODS WOULD HAVE PREVENTED THIS CONDITION 


This abandoned hillside is just over the fence from the field shown in Fig. 14, Yellow 
Silt Loam is particularly susceptible to this kind of damage. 


Careful records were kept for nine years. The results, summarized in Table 
18 indicate something of the possibilities in improving hillside land by protecting 
it from erosion. The average yield of corn from the protected series (A, B, and 
C) was 30.6 bushels an acre, as against 14.1 bushels on the check series (D). 
Wheat yielded 11.1 bushels on the protected series, in comparison with 4.6 bushels 
on the check, and clover yielded 4% of a ton on the protected series and but 15 
of a ton on the check. 


TaBLe 18.—VIENNA FIELD: Hanpurne Hitisipr LAnp To PREVENT EROSION 
Average Annual Yields, 1907-1915—Bushels or (tons) per acre 


Section Method ep 
A RELPACe ola ear RN ae Ne ia er eee ee 31.4 9.0 ( .68) 
B Embankments and hillside ditches............... 32.4 12.7 (Geez) 
C Organic matter, deep contour plowing, and con- 

tour planting 220tscsaioe met mies el tien eee 27.9 ib Cas ( .80) 
D Checlk 4.2) saxghi eet easy ea Ree eee ne eka SIGN 14.1 4.6 Ga2t) 


Section A included the steepest part of the field and contained many gullies. The land was 
built up into terraces at vertical intervals of 5 feet. Near the edge of each terrace a small ditch 
was placed so that the water could be carried to a natural outlet without much washing. 

Section B was used to test the so-called embankment method. Ridges were plowed up which 
were sufficiently high so that when there were heavy falls of rain the water would break over and 
run ina broad sheet rather than in narrow channels. At the steepest part of the slope, hillside 
ditches were made for carrying away the run-off. 

Section C was washed badly but contained only small gullies. Here the attempt was made 
to prevent washing by incorporating organic matter in the soil and practicing deep contour plow- 
ing and contour planting. With two exceptions, about 8 loads of manure an acre were turned 
under each year for the corn crop. 

Section D was washed to about the same extent as Section C. It was farmed in the most 
convenient way, without any special effort to prevent washing. : 


1929] Macon County 67 


Fig. 14.—CorN GROWING ON AN IMPROVED HILLSIDE OF THE VIENNA EXPERIMENT FIELD 


This land had formerly been badly eroded. It was reclaimed by proper soil treatment 
and cropping. Compare with Fig. 13. 


Figs. 13 and 14 serve further to indicate what may be done with this type 
of soil even after it has become badly washed and gullied. 

Altho these results show in principle the possibility of improving this land, 
it eannot be said that the experiments as conducted represent directly the most 
economical system of farming. However, it appears possible that by modifying 
the cropping plan in some manner, as for example, substituting sweet clover for 
cowpeas and giving large place in the farming system to hay and pasture crops, 
production might be substantially increased and thus a system of farming 
instituted that would represent a profitable enterprise. 
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Clay, 1911 
Moultrie, 1911 
Hardin, 1912 
Sangamon, 1912 
LaSalle, 1913 
Knox, 1913 
McDonough, 1913 
Bond, 1913 
Lake, 1915 
McLean, 1915 
Pike, 1915 
Winnebago, 1916 
Kankakee, 1916 
Tazewell, 1916 
Edgar, 1917 
DuPage, 1917 
Kane, 1917 
Champaign, 1918 
Peoria, 1921 
Bureau, 1921 
McHenry, 1921 
Iroquois, 1922 
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Soil Reports Published 


DeKalb, 1922 
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Mason, 1924 
Mercer, 1925 
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The Soil Survey of Illinois was organized under the general sineediaioh 
of Professor Cyril G. Hopkins, with Professor Jeremiah G, Mosier directly 
in charge of soil classification and mapping. After working in association 
on this undertaking for eighteen years, Professor Hopkins died and Profes- « 
sor Mosier followed two years later. The work of these two men enters so 


intimately into the whole project of the I]inois Soil Survey that it is im- 
possible to disassociate their names from the. individual county reports. 
Therefore recognition is hereby accorded Professors Hopkins and Mosier 
for their contribution to the work resulting in this publication. 
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INTRODUCTORY NOTE 


TIS A MATTER of common observation that soils vary tremendously in their 

productive power, depending upon their physical condition, their chemi- 
cal composition, and their biological activities. For any comprehensive plan 
of soil improvement looking toward the permanent maintenance of our agri- 
cultural lands, a definite knowledge of the various existing kinds or types of 
soil is essential. It is the purpose of a soil survey to classify the various kinds 
of soil of a given area in such a manner as to permit definite characterization 
for description and for mapping. With the information that such a survey 
affords, every farmer or landowner of the surveyed area has at hand the basis 
for a rational system of improvement of his land. At the same time the Ex- 
periment Station is furnished an inventory of the soils of the state, upon which 
intelligently to base plans for those fundamental investigations so necessary 
for solving the problems of practical soil improvement. 

This county soil report is one of a series reporting the results of the soil 
survey which, when completed, will cover the state of Illinois. Hach county 
report is intended to be as nearly complete in itself as it is practicable to make 
it, even at the expense of some repetition. There is presented in the form of an 
Appendix a general discussion of the important principles of soil fertility, in 
order to help the farmer and landowner to understand the significance of the 
data furnished by the soil survey and to make intelligent application of the 
same in the maintenance and improvement of the land. In many eases it will 
be of advantage to study the Appendix in advance of the soil report proper. 

Data from experiment fields representing the more extensive types of soil, 
and furnishing valuable information regarding effective practices in soil man- 
agement, are embodied in the form of a Supplement. This Supplement should 
be referred to in connection with the descriptions of the respective soil types 
found in the body of the report. . 

While the authors must assume the responsibility for the presentation of 
this report, it should be understood that the material for the report represents 
the contribution of a considerable number of the present and former members 
of the Agronomy Department working in their respective lines of soil mapping, 
soil analysis, and experiment field investigation. In this connection special 
recognition is due the late Professor J. G. Mosier, under whose direction the 
soil survey of Edwards county was conducted, and Mr. H. C. Wheeler, who, 
as leader of the field party, was in direct charge of the mapping. 
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EDWARDS COUNTY SOILS 


By E. A. NORTON, R.S. SMITH, E. E. DeTURK, F. C. BAUER ann L. H. SMITH! 


LOCATION AND SETTLEMENT OF EDWARDS COUNTY 


DWARDS COUNTY is located near the Wabash river in southeastern TIli- 

nois. It is nearly rectangular in shape, measuring 22 miles north and south 
by about 11 miles east and west. It is one of the smallest counties in the state, 
comprizing only 218.41 square miles. The population in 1920 was 9,431, more 
than half of which was rural; there were only four towns with more than 
500 and none with over 2,000 inhabitants. Albion is the county seat. 

In the section of the state where Edwards county is located no one special 
type of farming greatly predominates, tho grain farming is probably the 
most important. The soils of the county are generally light colored and vary 
from poor and marginal to rich and highly productive. The rainfall, tempera- 
ture, and growing season are favorable for a wide variety of crops. Markets 
are readily accessible. Both truck and railroad transportation are well de- 
veloped. Recently built paved roads, together with secondary gravelled roads, 
make it possible for every farmer to be within a mile or two of an all-weather 
road. Educational facilities and social life are considerably above the average 
of rural development. Farm buildings and equipment indicate moderate pros- 
perity in all but a few communities in the county. 


HISTORY OF AGRICULTURAL PRODUCTION 


The first settlement in Edwards county was established at Albion in 1818. 
Some of the early settlers having emigrated from England, it was natural that 
the early agriculture was patterned after that practiced in England during the 
forepart of the nmeteenth century. The raising and marketing of livestock 
were the chief agricultural enterprises. Livestock was placed on flatboats 
which were drifted down Bon Pas ereek and Little Wabash river to Wabash 
river, and thence down to Shawneetown, Paducah, and other marketing points. 
It is reported that corn sold for 10 cents a bushel and hogs for $1.25 a hundred 
at Albion in 1820. The early settlers soon realized that the prairie land was 
better adapted to the growing of small grain and hay than to corn because 
the weather frequently remained cold and wet into late spring. Wheat soon 
became an important crop and was the first grain to be shipped from the county. 

The amount of land in farms increased gradually from 1818 until 1850, at 
which time 57,000 acres were utilized for farming. The increase following 
1850 was rapid, and by 1880 almost 90 percent of the total area of the county 
was turned to farm use. The number of farms increased in correspondence 
with the inerease in total acreage utilized, reaching a peak of about 1,300 near 
the year 1910. There has been some decline since then, only 1,137 farms being 
reported in 1925. The size of the farms has remained almost stationary, aver- 
aging 101 acres in 1910 and 105 acres in 1925. 

1%, A. Norton, Assistant Chief in Soil Survey Mapping; R. 8. Smith, in charge of soil 


survey mapping; E. EB, DeTurk, in charge of soil analysis; F. C. Bauer, in charge of experi- 
ment fields; L. H. Smith, in charge of publications, 
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The percentage of tenantry has never been great in this territory ; it has 
hovered around 20 percent for the past forty years. 

The principal crops grown in Edwards county are those common in north- 
central United States. The following data, taken from the! United States 
Census of Agriculture in 1925, gives the acreage, production, and yield per acre 
of the more important crops: 


Crops Acreage Production Yield per acre 
Com otal: ACrebge)irsawer welche ere enue 30,366 | «soe ee cee 
Corn harvested for grain............ 28 , 702 852,678 bu. 29.7 bu. 
Cornucut formilages semesters] ane er 668 4,517 tons 6.7 tons 
Corn cutitor Lodderteen ac. hee G19 =k. snc 
Gornahogeed Otte mewn ten ete tee oe RY VME sl ey 
WiNeb bm winters jccstretannon recuse ei ae 11,694 109 ,955 bu. 9.4 bu. 
Ostanunreshed:..cch «gue taee sla ee 6,760 188 ,021 bu. 27.8 bu. 
Hay. (oval acreage). 25) vs ey wee ee mae 21,082 20,131 tons .9 ton 
Hays timothy, slonesig.cee sienna. 3,073 as svegeel eer 
Hay, timothy and clover............ 1,262 = oe Geshe snes 
Hay, clover (red, alsike, and mammoth) 2,040 = ee 
ay altaltias. nico dues 6-2 seus eee 84 a Se 
May, LAING PTASSES, can..cca sehr 11,3389 | eres 
Hay. annual legumes, ...0. wee VAY) MEI we 


The above Census figures are for but a single year, that of 1924. For the 
past ten-year period, 1919 to 1928, the U. 8. Department of Agriculture and 
the Illinois Department of Agriculture give the average yields of the four most 
important crops in Edwards county as: corn, 26.6 bushels an acre; wheat, 
12.2 bushels; oats, 20.5 bushels; hay, 1.1 tons. These average yields are some- 
what higher than the averages for the surrounding counties but are considerably 
below the all-state averages. The predominance of the acreage given over to 


ALL LEGUMES 
OATS 
NonLeGune HAYK\ 
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CORN 


Fig. 1—RELATIVE ACREAGE OF FIELD Crops IN Epwarps County, 1924 


The diagram brings out the small proportion of land devoted to legumes. A well-balanced 
system for soil improvement demands a much larger acreage of legume crops. (Data from 
the 1925 Census) 


corn, oats, wheat, and tame hay (Fig. 1) indicates that more diversification 
might well be practiced if production is to keep pace with waning fertility. 
The legume acreage, according to the Census figures, was less than one-tenth 
of the total acreage. At least one-fourth of the cropped area should be in 
legumes every year. 

Fruit and vegetable crops are not commercially important in Edwards 
county. A few orchards have been developed profitably, but practically all 
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the fruit and vegetables raised are consumed locally. A few peaches and apples 
are trucked out of the county in years of local crop abundance. Good markets 
are readily accessible both by truck and railroad and undoubtedly special 
vegetable crops could be grown profitably if produced on a commercial basis. 

The character of the livestock interests in the county in 1925 is shown 
by the following data taken from the Census: 


Animals and Animal Products Number Value 
IRIS) sy. oto oe OOO, 2 Bee aoe , 3,993 $213 ,589 
INIT CIP s ys oie as nied giecajene sie opiate vas 1,181 81,730 
Cattle SARUM ESS oy lohes tans @ «-sievanc eo chacies sa 7,649 265 ,595 
IDR? CONS. Ae 20s CED CEL eee PEQS0 oie > PET fe ores 
OPENER ohs.00 cress decide secu Fe tems 109 ,126 
SINC). oo oi A Ge ee ne 3,120 30,892 
fh ne 14,517 152,793 
Chinlcons MSU SOLG Me Pereaye ch iaysicieMirersi ose; . ). sis, ste 446 ,737 
DOMME AMR Ts Tileys <6 nscionvdeiescsleseee  paaess 7,103 


The total value of the livestock in Edwards county in 1925 was $926,494. 
No one particular class stands out as most important, and this bears out the 
statement that farming in the county is not specialized. Fig: 2 shows dia- 
erammatically the relative value of different classes of livestock. In accord- 


Muces $81,730 


Horses $213,589 


Fie. 2.—RELATIVE VALUE OF DIFFERENT CLASSES orf LIVESTOCK IN EDWARDS COUNTY 
(Data from the 1925 Census) 


ance with estimates made by the U. S. Department of Agriculture and the 
Illinois Department of Agriculture, little change has taken place in the num- 
ber of livestock in Edwards county since 1925. The number of horses and 
cattle has decreased slightly; the number of sheep and hogs has increased. 


CLIMATE 


The climate of Edwards county is typical of that prevailing in this part of 
the Mississippi valley. It is characterized by a wide range between the ex- 
tremes of winter and summer and by an abundant rainfall. The greatest range 
in temperature for any one year of a thirty-two-year period, as recorded at 
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the weather station located in Albion from 1897 to 1918 and in Fairfield from 
1918 to 1929, was 123 degrees in 1899. The highest temperature was 108° in 
1914; the lowest, 21° below zero in 1899. The average date of the last killing 
frost in the spring is April 15; the earliest in autumn is October 22. The aver- 
age length of growing season is 190 days, which is ample time to mature all 
the common crops grown in the region. Occasionally early frosts produce 
soft corn in backward seasons or in seasons following a very wet spring. Win- 
ter wheat is often injured, particularly on flat ground, owing to a sudden 
drop in temperature following a rainy period in winter or early spring. Hot 
early summer weather often cuts the yield of spring-sown small grain. A 
prolonged period of hot weather, coupled with drouth, frequently reduces 
the yield of corn. 

The prevailing wind in spring and summer blows from the south; in winter 
it comes from the northwest. Spring winds are usually brisk and summer 
winds mild except before thunder showers. A series of strong northwesterly 
gales bringing cold waves, which are followed by periods of relative calm, 
characterize the winter winds. Edwards county lies within the region subject 
to tornadoes but none resulting in serious destruction are known to have 
visited the area. 

The average annual rainfall, as recorded at Albion and Fairfield for the 
last thirty-two years, is 41.53 inches. The rainfall during the growing season 
thru this period averaged 22.72 inches. The wettest year on record, 1898, 
had a total rainfall of 55.09 inches; the driest year, 1924, had 31.43 inches. 
For the wettest and driest months respectively, the records show that March, 
1898, had a total rainfall of 12.389 inches, while October, 1908, had only a trace. 
Some of the yearly precipitation falls as snow in the winter months. The rec- 
ords show a yearly average of 16 inches of snow. Sleet storms are not un- 
common. Occasionally hail storms occur in late spring and summer, but dam- 
age as a result of them is usually local. 

The data in Fig. 3 taken by themselves would indicate that the rainfall 
in Edwards county is well distributed and that serious drouths were not to 
be expected. Average monthly precipitation, however, is not the sole index 
to moisture conditions; at least six other factors are important. These are: 
type of soil, rate at which rain falls, lapse of time in days between precipitation 
periods, temperature, wind, and kind of crops grown. The upland soils in 
Edwards county are of such nature that water moves thru them either 
freely or else very slowly, and a period of about twenty days without precipi- 
tation during the hot summer months reduces the moisture in the soil to a 
minimum for plant growth. Records show that every few years periods of 
twenty days or more elapse without enough rainfall for crop needs. A few 
serious drouths have been experienced. Crops such as corn, meadows, and 
pastures, which have a heavy moisture demand in July and August, are most 
seriously affected. 

The rate at which rain falls has an important bearing not only on the 
amount of moisture that becomes available to plants but also on ‘soil erosion. 
No records on the rate of rainfall are available, but much of the water which 
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Fig. 3.— AVERAGE MONTHLY DISTRIBUTION OF RAINFALL IN EDWARDS COUNTY 


falls, both from prolonged spring rains and from hard, dashing thunder showers 
in summer, is more destructive than beneficial. Several such rains occur in 
the county nearly every year. They make the control of erosion on cultivated 
areas, particularly on rolling land, a serious problem. Equally as important 
as the loss from erosion is the loss from overflow on the flat bottom lands. 
Losses from these two agents of destruction were particularly noticeable dur- 
ing the wet years of 1927 and 1928. 


PHYSIOGRAPHY AND DRAINAGE 


The general elevation of Edwards county is between 400 and 540 feet 
above sea level. The remnants of the former flat plain in the northern part 
of the county stand at an elevation of slightly over 500 feet. Most of the 
bottom land lies at an elevation slightly below 400 feet, giving a general relief 
of somewhat more than 100 feet. The north half of the county is badly cut 
up by numerous steep gullies which have forced their way back into the once 
flat upland. All that remain of this original plain are a few disconnected 
level tracts, most of which are included in an area that appears as a ridge one 
to two miles wide running in a northeast-southwest direction thru the north- 
ern part of the county. The central and southern parts of the county are 
made up of a series of ridges and irregular upland areas separated by broad, 
flat bottom lands. The slopes of these ridges are smoother than those of the 
cullied country to the north. The altitudes of a few towns in Edwards county 
are as follows: Albion, 531 feet above sea level; Browns, 408; Grayville, 397 
(bottom land); West Salem, 508. The altitude at the point of the entrance 
of Bon Pas creek into Wabash river is 380 feet above sea level. 
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Natural drainage in Edwards county is well established. Bon Pas creek 
and Little Wabash river, which flow south along the eastern and western 
borders of the county, drain most of the area. A few sections in the south- 
east corner of the county drain directly into Wabash river. Fig. 4 shows the 
stream courses and other physiographic features of the county. All the up- 
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Fig. 4.—DrAINAGE Map or Epwarps County SHOWING STREAM COURSES AND OTHER 
PHYSIOGRAPHIC FEATURES 


land except a few flat areas lying on the original plain in the northern part 
of the county are well drained. The lowlands along Bon Pas creek drain well 
except in time of high water when there is no outlet to Wabash river. The 
lowlands along Little Wabash river remain wet late into early summer and 
overflow following every heavy rain, 


1930] EDWARDS COUNTY Pf 


The soils in the county as a whole are well drained, primarily because they 
he on rolling surfaces. The problem on these rolling surfaces is not to 
provide drainage but to protect the soil from erosion. The flat upland areas 
have a sticky, plastic subsoil which makes underdrainage impossible. Surface- 
ditching must be provided in these areas. The lowland soils can be artificially 
drained provided an outlet can be obtained. Dredging, ditching, and tiling 
are the methods to employ in procuring better drainage in the bottom-land soils. 


SOIL FORMATION 


The few remaining nearly-level upland tracts in northern Edwards county 
indicate that this area was formerly a part of that unusually flat plain which 
stretches across central-southern Illinois. Erosion has dissected that part of 
the plain in Edwards county, forming numerous gullies and small bottom lands. 
The soils developed on these flat upland surfaces are gray in color, have com- 
pact, plastic, almost impervious subsoils, and are not highly productive. The 
remaining ridges and generally uneven upland terrain in the central and south- 
ern parts of the county indicate that this area was not originally flat but was 
rolling. The soils developed on these rolling surfaces are yellowish in color, 
friable, and moderately productive. Such a contrast in topography and soil 
development in adjacent areas can be explained only by recounting some of 
the events of earlier earth history. 


ORIGIN OF TOPOGRAPHY AND SOIL MATERIAL 


‘The bedrock which serves as a foundation for the loose surface mantle 
covering the country was formed during a remote period in geological time. 
The name Carboniferous is assigned to this period because its formations in- 
clude many important coal-bearing strata. During Carboniferous times the 
land was submerged and a shallow sea extended over much of the territory 
now known as central United States. Existing in this sea were enormous 
swamps, the vegetation of which was periodically buried by an avalanche of 
sediment. Gravel, sand, silt, and clay were swept down into the sea during 
flood periods. This covering of sediment excluded air and pressed heavily on 
the buried vegetable material, causing the transformation of this material into 
coal. Altho the coal beds are of great commercial importance, their total 
thicknesses are insignificant in comparison with the enormous thicknesses of 
shale and sandstone formed from the sediments deposited during this period. 
Thin seams of limestone were formed locally during relatively brief intervals 
when the water in the sea became deeper. All these formations outcrop in 
Edwards county but most of the immediate bedrock surface consists of shale 
and sandstone. 

With the general withdrawal of the sea and the emergence of the land 
the Carboniferous period came to a close. The elevation of the land above the 
sea exposed the rock surfaces to weathering and erosion. For an extended 
period—that is, for thousands upon thousands of years—rock destruction and 
removal went on ceaselessly until the country became rough and broken, cut 
by numerous gullies and stream valleys. The hilly land thus produced was 
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very different from the present land surface and entirely unsuited to farming. 
A change in regional climate closed this cycle of erosion and ushered in an- 
other geological period. During this period the material that later formed the 
mineral portion of the present soil was deposited. 

The climate during this geological period, known as the Glacial epoch, 
was cooler than at present. Snow and ice collected in regions to the north in 
such amounts that the mass pushed outward from these centers of accumula- 
tion. Moving chiefly southward, these great masses of ice known as glaciers 
pushed across the country until they reached a place where the climate was 
warm enough to melt the ice as rapidly as it advanced. In this movement 
the ice gathered up all sorts and sizes of materials, including clay, sand, gravel, 
boulders, and even immense masses of rock. Some of these materials were 
carried hundreds of miles and rubbed against surface rocks and each other 
until largely ground into powder. When a glacier reached the limit of its 
advance the rock material carried by it accumulated along the front in a broad, 
undulating ridge, or moraine. With rapid melting the glacier receded and 
the material was deposited somewhat irregularly over the surface previously 
covered. Each advance and retreat leveled off ridges, hills, and high land, 
and filled in valleys. The mixture of materials deposited by the glacier is 
known as glacial drift, a term frequently referred to in deseribing soil types. 

At least six great ice sheets moved southward, each of which covered a 
part of North America, altho the same parts were not covered during each 
advance. The movements of these individual ice sheets were separated by long 
periods of time during which the climate became so warm that the country 
was clothed with vegetation. At least one of the glaciers, known as the IIli- 
noian, reached Edwards county. The Illinoian glaciation completely covered 
the county and buried or destroyed the deposits which might have been left 
by an earlier ice sheet. The deposits left by the Illinoian were a heterogeneous 
eravelly mass of drift, varying in thickness from a few feet on the old ridges 
to a hundred feet or more in the valleys. The northern part of Edwards 
county was leveled off to a flat plain, but the deposits in the central and south- 
ern parts were not thick enough to hide completely the previous topography, 
altho it was made much smoother than it was before glaciation. 

Associated with the withdrawal of an ice sheet and the exposure of the 
deposited material to weathering forces was the accumulation of a silty, wind- 
blown material on top of the glacial drift. This wind-blown material is called 
loess. It was derived largely from the sediment deposited from the immense 
volumes of water which flowed from the melting ice sheet. This water filled 
the drainage channels and overflowed adjacent lowlands. Following each 
flood state the water would recede and the sediment deposited would dry 
and be picked up by the wind and redeposited on the upland as dust. Un- 
doubtedly some fine material was also left on the surface directly by the reced- 
ing glacier and more accumulated as weathering broke down the larger 
particles. When dry this was also blown about by the wind, collecting chiefly 
on the south side of ridges and other obstructions. The lack of vegetation on 
the land surface at this time gave the wind much more force near the earth’s 
surface than it otherwise would have had. 
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Most of the loess deposited over Edwards county came from the Wabash 
river valley, as indicated by a thinning out of the material in all directions 
away from the bottom land. Local deposits, particularly along Little Wabash 
river, signify that the smaller stream valleys furnished some of this material. 
The thickness of the loess deposit over Edwards county varies from a few 
inches in the northern part to eight or ten feet on the bluffs along Wabash 
river. Altho none of the ice sheets following the Illinoian actually touched 
Edwards county, they furnished sediment to the Wabash river valley, which 
was blown over the upland as loess. Some loess accumulation took place fol- 
lowing the Iowan glaciation but it was not widespread. The material deposited 
following the Wisconsin glaciation was confined to a very narrow belt along 
Wabash river. The difference in age of loess deposition explains in part the 
variation in soil productivity in Edwards county. 

Erosion was continually active thruout the entire Glacial period except for 
the time that ice actually covered the land surface. Enough time has elapsed 
since the recession of the Illinoian glacier so that the region has been again 
reduced to a somewhat hilly topography. Only small tracts of the original surface 
remain. The large, flat valleys in the southern half of the county indicate that 
erosion has made rapid progress in tearing down the upland, while the nar- 
row bottom lands and steep gullies in the northern part indicate a younger 
stage of topographic development. 


SOIL DEVELOPMENT 

Many processes have acted upon the original material deposited as loess 
or drift to work it over into the soils as we know them today. When first 
deposited, the general composition of any soil material, particularly loess, is 
rather uniform. With the passing of time, however, various physical, chemi- 
eal, and biological forces form soil out of this parent material. The manner 
in which these forces act depends upon the environmental factors such as cli- 
mate, topography, drainage, vegetation, and biological agencies. The environ- 
mental factors in addition to the parent. material determine soil characteristics. 

A most important process in soil development is oxidation. It occurs when 
the soil material is exposed to the air, and it proceeds with great rapidity when 
conditions are favorable. Leaching is another fairly rapid soil-forming process. 
Water in contact with the soil material dissolves certain substances, some of 
which react chemically upon one another and thru the leaching process they 
are translocated from one depth to another or else are washed away. Lime is 
one of the readily soluble compounds and its continuous loss finally causes 
soil acidity to develop. Finely divided particles in suspension are also carried 
down by the water, and under certain circumstances they accumulate in the 
subsoil to such an extent as to form an almost impervious stratum. Such a 
layer impedes moisture movement both downward and upward, and the result 
is a poorly drained soil in wet seasons and a drouthy soil in dry seasons. 

Alternate wetting and drying, freezing and thawing, and other climatic 
changes also influence the development of soil. The decay of vegetable material 
and its incorporation into a soil produces a dark color and adds nutrient 
material, particularly nitrogen. 
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One of the most pronounced characteristics produced by weathering is 
the arrangement of the soil into layers, or zones. Differences in the arrange- 
ment, thickness, and characteristics of these zones constitute one of the chief 
characteristics for separating soils into types. 

In studying soil types, as many readily observable characteristics as pos- 
sible are examined. Some of these characteristics have an important bearing 
upon productivity; others may have no known practical relation whatsoever, 
but may be useful in identifying types. The size of the individual soil particles 
and the amount of organic matter in the soil largely determine the ease with 
which it may be cultivated. The character of the stbsoil determines under- 
drainage. Young soils are usually more productive than old or mature soils 
because they have not been so thoroly leached of their readily available plant- 
food materials. The age of the soil frequently determines its reaction, whether 
acid, neutral, or alkaline. Soil color influences soil temperature, an important 
factor in the germination of seeds sown in spring. 

In describing a soil the characteristics of the individual strata that make 
up the soil profile are considered. For practical purposes these various lay- 
ers, or zones, in the soil can be grouped into surface, subsurface, and subsoil. 
Each of these may have two or more subdivisions. The surface layer is the 
upper 3 to 10 inches. This is the part of the-soil that is cultivated and in 
which most of the plant roots are found. The subsurface layer, lying immedi- 
ately below the surface, is usually lighter in color. The subsoil generally begins 
at depths of 12 to 24 inches; it has two important divisions. The upper sub- 
soil is more compact and plastic than any other soil layer. It varies from a 
slightly compact and plastic consistence in soils developed under good drain- 
age to an extreme compactness and plasticity in soils developed under poor 
drainage, becoming in some soils almost impervious to water. The lower sub- 
soil is more friable than the upper subsoil, and is usually grayish yellow in 
color. It begins at 25 to 60 inches. 

Soils in bottom lands or in areas subject to overflow, including some of 
the low-lying upland, and those on steep slopes show little or no development 
into surface, subsurface, and subsoil. The continued deposition on overflow 
land and the removal of material on steep slopes proceed too rapidly to allow 
layers to develop. The surface layer on overflow land is often rather thick, 
and that on steep slopes is likely to be thin or it may be entirely absent. 


SOIL GROUPS 


The accompanying colored map gives the location and boundary of each 
soil type and indicates the position of streams, roads, railroads, and’ towns. 
‘The list of soil types, the area of each in square miles and in acres, and also 
the percentage of the total area as recorded on the map are shown in Table I. 
The soil types are arranged into groups in accordance with the geological 
province in which they are located, the upland soils being further separated 
on the basis of original vegetative cover. These groups are as follows: 

Upland Prairie Soils, including the upland soils which have developed un- 
der a dominant grassland vegetation. 
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TaBLE 1.—Sort Types or Epwarps Country, ILiinois 


Soil Area in Area Percent 
type Name of type square in of total 
No. miles acres area 


Upland Prairie Soils 


330 Gray Silt Loam On Tight Clay!............ 11.07 7 085 5.07 
Upland Timber Soils 

334 | Yellow-Gray Silt Loam'................... 83.74 53 594 38.34 
335 MOE Oy Seligl bye ee eee 53.81 34 488 24 64 
332 | Light Gray Silt Loam On Tight Clay....... 1.52 973 .70 
344 | Yellow-Gray Fine Sandy Silt Loam......... 1.67 1 069 wil 
345 | Yellow Fine Sandy Silt Loam.............. 1.86 1 190 .85 
365 Wellaw andy Loam, . 6 lee le ee .10 64 .05 

142.70 91 328 65.35 


1531 ‘Dae (Ceara? SI Bey \00 9.74 6 234 4.46 
1534.1} Yellow-Gray Silt Loam On Clay........... 8.02 5 133 3.67 
1521 IED Sa (CLOSE Of: so ne (Eat 4 934 3.53 
To20- lis rown tlt Loam On Clay................. Sele 2 003 1.43 
1564 | Yellow-Gray Sandy Loam................. .62 397 .28 
GLA) Te shite aa Sivas hig Boy) .50 320 a20 
1560.6} Light Brown Sandy Loam................. .16 102 .07 
29.88 19 123 13.67 
Swamp and Bottom-Land Soils 

1331 MCS OMeTAY SI LOAM... 6. 6c cece tee eee 27.09 17 338 12.40 
1354 iM RoxGe Woy :001 a a ioe 7.08 4 531 3.24 
1337) | Yellow-Brown Silt Loam.................. 59 Sit wae 
34.76 22 246 15.91 

“OPUS! 4 7 GSR 218.41 139 782 100.00 


1This is the name under which the tyne was mapped. Later investigation has shown the 
desirability of making certain differentiations within the type; these are discussed under ‘‘ De- 
scription of Individual Soil Types,’”’ beginning on page 19. 


Upland Timber Soils, including nearly all the upland areas that are now, 
or were formerly, covered with forests. 

Terrace Soils, including soils originally developed from material deposited 
by flowing water but which are now not subject to frequent overflow. 

Swamp and Bottom-Land Soils, including the overflow land or flood plains 
along streams, the swamps, and the poorly drained lowlands. 


Extensive field and laboratory study of soils has materially increased the 
knowledge of their characteristics since the time Edwards county was mapped. 
Thus the gradual accumulation of many new facts has made it possible to recog- 
nize, classify, and map soils upon a somewhat more comprehensive basis than 
formerly. A soil map of the county made at the present time would differ 
from the map presented here chiefly in showing a few more soil types, each 


having distinet characteristics and differing from one another in agricultural 


value as well as in treatment and fertilizer requirement. Several types, par- 
ticularly Yellow-Gray Silt Loam, would now be divided into two or more types. 
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An inspection of the soils of this county was made just prior to the publication 
of this report, and in the section in which descriptions of the individual soil 
types are given (pages 19 to 33) the necessary modifications are described and 
discussed in such a way that it should not be difficult to recognize each new 
type in the field even tho it is not differentiated on the map. 

For explanations concerning the classification of soils and further inter- 
pretation of the map and tables, the reader is referred to the first part of the 
Appendix, pages 34 to 36. 


INVOICE OF THE ELEMENTS OF PLANT FOOD IN EDWARDS COUNTY 
SOILS 


” Three Depths Represented by Soil Samples 


In the Illinois soil survey each soil type is sampled in the manner described 
below and subjected to chemical analysis in order to obtain a knowledge of 
its important plant-food elements. Samples are taken, usually in sets of three, 
to represent different strata in the top 40 inches of soil, namely: 


1. An upper stratum extending from the surface to a depth of 6% inches. This 
stratum, over the surface of an acre of the common kinds of soil, includes 
approximately 2 million pounds of dry soil. 

2. A middle stratum extending from 6% to 20 inches and including approximately 
4 million pounds of dry soil to the acre. 

3. A lower stratum extending from 20 to 40 inches and including approximately 
6 million pounds of dry soil to the acre. 


By this system of sampling three zones for plant feeding are represented 
separately. It is with the upper, or surface layer, that the following discussion 
is mostly concerned, for it includes the soil that is ordinarily turned with the 
plow and is the part with which the farm manure, limestone, phosphate, or 
other fertilizing material is incorporated. Furthermore it is the only stratum 
that can be greatly changed in composition as a result of adding fertilizing 
materials. 

For convenience in making application of the chemical analyses, the 
results presented in Tables 2, 3, and 4 are given in terms of pounds per acre. 
It is a simple matter to convert these figures to a percentage basis in case 
one desires to consider the information in that form. In comparing the dif- 
ferent strata, it must be kept in mind that the composition of each is based 
on different quantities of soil, as indicated above. The figures for the middle 
and lower strata must be divided by two and three respectively before being 
compared with each other or with the figures for the upper stratum. 


Wide Range in Organic Matter and Nitrogen 


None of the soils in Edwards county contain very large amounts of organic 
matter and nitrogen. In fact the general deficiency of these constituents 
makes it particularly important that their increase be given first consideration 
in planning to care for the fertility of the soil. The rolling topography prevail- 
ing over much of the county contributes to the loss of much surface soil by 
erosion, and it is the surface soil where the greatest accumulation of organic 
matter and nitrogen occurs. The analytical results thus tend to emphasize 
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the need of preventive measures against erosion from the standpoint of saving 
the organic matter now present in the soil and that accumulated thru im- 
proved farm practices. 

Without exception, the sandy types are among the lowest in the county 
in their content of organic matter and nitrogen. The decay of organic matter 
within the soil is essentially an oxidation process, the rate of which depends 
largely upon the air supply with which the organic matter comes into contact. 
Sandy soils being extremely well aerated are generally low in organic mat- 
ter. Moreover it is a difficult problem to maintain organic matter in them. 
With them more than with any other type frequent plowing down of green 
manures and crop residues is needed unless stock-feeding operations make an 
abundant supply of farm manure obtainable. 

The rapid decrease in organic matter and nitrogen in the lower levels of 
the soil may be observed by comparing Tables 3 and 4 with Table 2 after 


TaBLE 2—EDWARDS COUNTY SOILS: Prant-Foop ELEMEeNtTs IN Upper SAMPLING 
Stratum, Anout 0 To 6% INcHES 


Average pounds per acre in 2 million pounds of soil 


Total 


Soil | Total | Total | Total Total 
type Soil type organic | nitro-| phos- | tal | potas- magne-| Lotal 
No. carbon} gen |phorus|Sfur} ‘sium | sium | Calcium 
Upland Prairie Soils (300) 
330 Gray Silt Loam On Tight Clay | 27 660) 2 840) 810 470) 22 720) 4 490} 4 510 
Upland Timber Soils (300) 

334 Yellow-Gray Silt Loam....... 29 720} 2 880 970 400) 27 380; 4610} 5 210 
335 Mollow silt LOAM. .......... 265 18 210) 1 740 620 360| 31 890) 5 470) 4 700 
332 | Light Gray Silt Loam On 

Tid ty C] Cy ee ere Bomar 19 520) 2 020 620 300] 21 300) 4 100) 4 400 
344 | Yellow-Gray Fine Sandy Silt 

‘SOIT. 3S BS See eee 16 360) 1 540 660 300} 33 600) 4 320) 5 200 
345 Yellow Fine Sandy Silt Loam. .| 15 300) 1 620 740 380} 34 160) 6 900) 5 420 
365 Yellow Sandy Loam.......... 9 160} 1 060 700 260) 28 840] 6 820] 9 320 

Terrace Soils (1500) 

1531 | Deep Gray Silt Loam......... 24 820) 2 560) 900) 420} 30 720} 6 120) 5 080 
1534.1) Yellow-Gray Silt Loam On 

CORASS 6 oop ape ee 25 060) 2 200} 1 020 380} 30 140) 5 200) 5 400 
Rai Wrapi@lay (0am, ..5.........- 42 210) 3 660} 1 090 610} 37 200) 13 870) 15 050 
1526.1) Brown Silt Loam On Clay.....| 37 360} 3 260} 800) 480) 32 080) 6 340} 10 780 
1564 | Yellow-Gray Sandy Loam..... 19 040} 1 740) 960} 280) 29 400) 6 960) 10 740 
1560 Brown Sandy Loam.......... 32 200) 2 900 680 240) 28 620} 5 400} 10 400 
1560.6} Light Brown Sandy Loam..... 16 900} 1 480 860 240| 28 540} 5 220) 138 100 

Swamp and Bottom-Land Soils (1300) 

1331 Deep Gray Silt Loam......... 25 030] 2 500} 1 200 530} 31 530; 6 400) 5 830 
Hy Cys aa PONCE OEE TIERED Net cr Faye cfc, cho: | siete. ae sor's [lee 4) a's |teteiarddiel|’s es cee] vie oe eis! steven iolecnall © became 
1337 Yellow-Brown Silt Loam...... 20 340] 1 940} 1 040 380} 36 580} 11 480] 13 240 


LIMESTONE and SOIL ACIDITY.—In connection with these tabulated data, it should be 


explained that the figures for limestone content and soil acidity are omitted not because of any 
lack of importance of these factors, but rather because of the peculiar difficulty of presenting in 
the form of general numerical averages reliable information concerning the limestone require- 
ment for a given soil type. A general statement, however, will be found concerning the lime 
requirement of the respective soil types in connection with the discussions which follow. 


1The results of chemical analyses of Mixed Loam are not included on account of the hetero- 
geneous character of this type. 
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correcting for the different thicknesses of the strata sampled, as explained on 
page 12. For example, Gray Silt Loam On Tight Clay, the first type listed, 
contains 27,660 pounds of organic carbon per 2 million of surface soil. In 
the second stratum the organic carbon content falls to 15,670 pounds per 2 mil- 
lion pounds of soil (one-half the value given in Table 3), while the lower 
stratum contains only 6,570 pounds per 2 million of soil (dividing by 3). 


Phosphorus Content Generally Low 


While some variation is to be observed in the total phosphorus content 
of the various soil types in Edwards county; the amounts present are in gen- 
eral rather low. This should not be taken to mean that phosphate fertilizers 
will necessarily bring good response at the present time but it does indicate 
that phosphate application may be expected to become necessary with con- 
tinued cropping. 

A convenient chemical test for use in the field has been recently devised 
at the Illinois Experiment Station which indicates the presence of available 
phosphorus in the soil and hence the relative need for phosphate treatment. 
Information concerning this test is furnished in Bulletin 337. 


TaBLe 3.—EDWARDS COUNTY SOILS: Piant-Foop ELEMENTs In MippLEe SAMPLING 
Srratum, Asour 6% To 20 INcHEs 


Average pounds per acre in 4 million pounds of soil 


Soil Total | Total} Total Total Total | Total Total 
type Soil type organic | nitro-| phos- ‘Ifa potas- |magne- ‘ei 
No. carbon | gen | phorus|SY4UT) sium | sium | Cclum 


Upland Prairie Soils (300) 
330 | Gray Silt Loam On Tight Clay| 31 340| 3 580| 1 380| 680] 50 600| 14 720| 8 440 


Upland Timber Soils (300) 


334 | Yellow-Gray Silt Loam........| 25 510) 3 010) 1 520} 540! 58 360} 14 860) 8 060 
305) |) Yellow Silt Moana eavuees. ack 14 740) 1 960) 1 240} 480} 63 120} 17 820} 6 600 
332 | Light Gray Silt Loam On 
Tight: Clava. seins ool we 23 520} 2 520} 1 040) 400) 42 880! 7 760) 8 080 
1 
1 
1 


344 ene Oray Fine Sandy Silt 
520} 420) 68 000} 17 320} 10 440 


irre ees ee RG Ne Fe 13 520} 1 040 
345 Yellow Fine Sandy Silt Loam. . 11 560} 1 720) 1 840} 440} 71 560} 20 920} 11 160 
360} 120) 59 520} 7 480) 26 240 


365 | Yellow Sandy Loam.......:.. 7 120} 1 000 


Terrace Soils (1500) 


1531 | Deep Gray Silt Loam......... 24 520! 2 800) 1 440) 640) 61. 600} 12 080} 11 000 
1534.1) Yellow-Gray Silt Loam On Clay a ih 2 000} 1 520} 440) 63 840) 11 960) 8 560 
L52tes|\ Drab Clay Auommunn sete ase ak 4 740} 4 900} 1 720} 570) 73 380} 27 260) 29 900 
1526.1) Brown Silt Loam On Clay. . 47 440} 3 880} 1 200) 560} 64 800} 19 280} 19 120 
1564 | Yellow-Gray Sandy Loam..... 17 360} 2 080] 1 920} 440} 63 200) 7 840} 10 400 
1560 | Brown Sandy Loam........... 39 200} 3 640} 1 000} 600} 58 440} 12 280) 19 680 
1560.6) Light Brown Sandy Loam..... 12 400) 1 240) 1 440) 120) 59 880) 13 960} 20 200 
Swamp and Bottom-Land Soils (1300) 
1331 | Deep Gray Silt Loam......... 19 600} 2 240) 2 020; 510) 61 820] 12 080) 9 160 
1354 | Mixed Loam!, 2.000.600 (lec. c. feac eee eas caalecsoei|i esto.) 
1337 | Yellow-Brown Silt Loam...... 27 240} 3 000} 1 920} 600} 73 920) 23 680} 26 000 


LIMESTONE and SOIL ACIDITY .—See note in Table 2. 


1Results of chemical analyses for Mixed Loam are not included on account of the heterogeneous 
character of this type. 
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A part of the soil phosphorus is converted by growing plants from inorganic 
to organic combinations, with the result that a considerable portion of the 
phosphorus, especially of the surface soil, is organic. Investigations at the 
Illinois Station have shown that approximately 25 percent of the total phos- 
phorus in the surface soil of Gray Silt Loam On Tight Clay, one of the types 
found in Edwards county, is organic. The phosphorus which is thus converted 
into organic form is in part obtained from the lower strata and left in the 
surface, with the result that the surface soil usually contains slightly more 
of this element than is found in the middle and lower strata, as may be observed 
by a comparison of Tables 2, 3, and 4. 


Sulfur Returned to Soil in Rainfall 


There is some degree of correlation between the amounts of sulfur and 
organic carbon found in the soil. This is because a considerable tho varying 
proportion of the sulfur in the soil exists in the organic form, that is, as a 
constituent of organic matter. The soils of Edwards county contain on the 
whole less than one-half as much sulfur as phosphorus, the amount in the sur- 


TasBLeE 4.—EKDWARDS COUNTY SOILS: Puant-Foop ELEMENTS IN LOWER SAMPLING 
Stratum, ABouT 20 to 40 INcHES 


Average pounds per acre in 6 million pounds of soil 


Soil Total | Total | Total Total Total | Total Total 
type Soil type organic] nitro- | phos- | 1°t@! | potas- |magne-| Tota 

: : calcium 
No. carbon | gen |phorus sium | sium 


Upland Prairie Soils (300) 


330 | Gray Silt Loam On Tight Clay | 19 710| 3 090| 1 590| — 630| 78 930| 22 590| 15 720 
Upland Timber Soils (300) 

334 Yellow-Gray Silt Loam........| 16 070} 2 570) 1 950 480) 90 150} 31 200} 14 640 
330 Mellow Silt Loam.............3 13 050} 1 950) 1 740 570) 86 790} 21 900} 10 650 
332 | Light Gray Silt Loam On 

Tight Clay 54) SR Se ene 18 780) 3 000} 1 500 480) 66 780) 20 640) 12 900 
344 Yellow-Gray Fine Sandy Silt 

WORSEN TIA ACD Tet RV ae ils ot bo pe os 0-8 12 300) 1 320} 2 400 300)112 500} 36 000} 19 860 
345 Wellow Fine Sandy Silt Loam. .| 10 440] 1 740) 2 340 360)101 100) 28 380] 26 340 
365 Yellow Sandy Loam.......... 10 320} 1 320} 2 940 240| 94 560} 13 320] 34 980 

Terrace Soils (1500) 

1531 Deep Gray Silt Loam......... 27 300) 3 300; 1 920 840) 93 480) 21 960) 15 540 
1534.1)’ Yellow-Gray Silt Loam On 

(Choice catia tee ee 18 120) 2 580} 2 040 480} 96 420} 28 560} 13 740 
1521 Dray OAM. <eci66.< > oe 39 090} 4 380) 2 400 870)110 730) 47 100) 44 400 
1526.1} Brown Silt Loam On Clay.....| 34 320] 3 660} 2 160 600/105 540} 45 240) 42 000 
1564 | Yellow-Gray Sandy Loam..... 15 660} 2 100} 2 820} 120) 91 080) 13 440) 25 860 
1560 Brown Sandy Loam.......... 37 500) 3 900} 2 040 660) 93 540) 15 300) 28 560 
1560.6] Light Brown Sandy Loam..... 12 120] 1 740} 2 580 420} 91 140} 16 860} 30 960 

Swamp and Bottom-Land Soils (1300) 

1331 | Deep Gray Silt Loam......... 18 900) 2 460} 2 610) 510) 94 380) 22 350) 13 920 
Hse aa eR Ane OCU PMO MME, st) hye salle aves els sour Sales oe |eine alee eiit cette vel Nee meaeltc 
1337 | Yellow-Brown Silt Loam...... 31 680] 4 080) 3 060) 960/115 020) 34 560! 32 520 


LIMESTONE and SOIL ACIDITY .—See note in Table 2. 
1Results of chemical analyses for Mixed Loam are not included on account of the heterogeneous 
character of this type. 
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face soil ranging from 240 to 610 pounds an acre. Like phosphorus, the sulfur 
content generally decreases with depth, partly because some of the sulfur is 
in combination with organic matter, which decreases with depth, and partly 
because organic sulfur is less subject to leaching than calcium sulfate 
(gypsum), the chief inorganic form of sulfur found in soils. 

The sulfur available to crops is affected not only by the supply in the 
soil, but also by the amount brought down from the atmosphere by rain. Sulfur 
dioxid escapes into the air in the gaseous products from the burning of all 
kinds of fuel, particularly coal. The gaseous sulfur dioxid is soluble in water, 
and consequently is dissolved out of the air by rain and brought to the earth. 
In regions of large coal consumption the amount of sulfur thus added to the 
soil is relatively:large. At Urbana during the eight-year period from 1917 to 
1924 there was added to the soil by the rainfall an average of 3.5 pounds of 
sulfur an acre a month. Similar observations have been made in other loceali- 
ties for shorter periods. The precipitation at the various points in the state 
in a single month has been found to vary from a minimum of three-fourths of 
a pound to more than ten pounds an acre. 

These figures afford some idea of the amounts of sulfur added by rain, 
and also of the wide variations in quantity under different conditions. Con- 
sidering the amounts which are brought down in rainfall in addition to the 
soil supply, the facts would indicate that apparently there is little or no need 
for sulfur fertilizers in Edwards county. In order to determine definitely the 
response of crops to applications of sulfur fertilizers, experiments with gypsum 
are being conducted on a number of experiment fields in various parts of 
Tllinois. 


Potassium Content Relatively Uniform Thruout County 


The potassium eontent of the various types exhibits less variation than 
any other element studied. It ranges in the surface soil from 21,300 pounds 
an acre in Light Gray Silt Loam On Tight Clay to 37,200 pounds in Drab Clay 
Loam. It will be noted, also, that the concentration of potassium remains prac- 
tically constant thruout the entire depth which has been sampled and analyzed. 


Calcium and Magnesium Vary Widely 


Soils in general exhibit wide variations in the content of calcium and 
magnesium, and Edwards county is no exception to this rule. In the surface 
soil, magnesium varies from 4,100 pounds an acre to 13,870 pounds, while eal- 
cium varies from 4,400 pounds to more than 15,050 pounds. The presence of 
calcium in amounts of this magnitude is no indication that the soil may not 
need liming. In acid soils fairly large amounts of calcium are to be found. 
Much of it is locked up, however, by combination in silicate minerals, which 
decompose so slowly that calcium is not liberated in sufficient quantities to 
maintain a neutral reaction or to supply the calcium needs of growing crops. 

Soils recently formed from young soil materials very frequently contain 
calcium carbonate (limestone) even in the surface stratum. Since calcium 
carbonate is readily soluble in soil water, it gradually leaches downward to 
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greater and greater depths. Thus in no case do we find calcium carbonate in 
the surface soil in Edwards county, and only two soil types—Brown Silt Loam 
On Clay, Terrace, and Yellow-Brown Silt Loam, Bottom—were found to con- 
tain it in the lower sampling stratum. 

In the nonearbonate upland soils, variations in the amounts of calcium 
and magnesium at the different depths give some indication of the movement 
of these elements in soil formation. In the surface soil the calcium usually 
exceeds the magnesium in amount, either as a result of the preponderance of 
calcium in the soil-forming materials or as a result of plant growth. In the 
second stratum (624 to 20 inches) we find the magnesium content gaining on 
the caleium and equalling or exceeding it in most cases, while in the lower 
stratum sampled the magnesium exceeds the calcium in every upland type but 
one, being much more abundant than near the surface. The calcium content, 
on the other hand, is but slightly higher or even lower in most cases in the lower 
depths as compared with the surface soil. 

It is significant that this divergence in amounts of calcium and magnesium 
with inereasing depth is increasingly pronounced in the more-mature types. 
These variations may be explained as due to the greater leachability of the 
ealeium as compared with magnesium or to reabsorption of magnesium in the 
lower strata. 


Local Tests for Soil Acidity Often Required 


It is impracticable to attempt to obtain an average quantitative measure 
of the calcium carbonate content or the acidity of most soil types because, while 
some samples will contain large amounts of calcium carbonate, others will 
contain none or may actually have a lime requirement due to the soil acidity. 
We thus have what may be considered positive and negative values ranging, 
perhaps widely, on the opposite sides of the zero or neutral point, the numeri- 
cal average of which could have no significance whatever, since such an aver- 
age would not necessarily even approach the condition actually existing in a 
given farm or field. It is for this reason that the accompanying tables con- 
tain no figures purporting to represent either the lime requirement or the 
limestone present in the different soil types. The qualitative field tests made 
in the process of the soil survey are much more numerous than the chemical 
analyses made in the laboratory, and they give a general idea of the predomi- 
nating condition in the various types as to acidity. These tests, therefore, 
furnish the basis for some general recommendations which are given in the 
descriptions of individual types on pages 19 to 33. To have a sound basis for 
the application of limestone the owner or operator of'a farm must usually 
determine individually the lime requirements of his different fields. The sec- 
tion in the Appendix dealing with the application of limestone (page 41) is 
pertinent and should be read in this connection. 


Supplies of Different Elements Not Proportional to Crop Removal 


In the foregoing discussion we have considered mainly the amounts of the 
plant-food elements in the surface 6%4 inches of soil, and rather briefly the rela- 
tive amounts in the two lower strata. We have noted that some of the ele- 
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ments, of plant food exhibit no consistent change in amount with increasing 
depth. Other elements show more or less marked variation at the different 
levels, the trend of these variations serving in some cases as clues to the rela- 
tive maturity of different soils and the processes involved in their development. 

By adding together the corresponding figures for all three strata, we have 
an approximate invoice of the total plant-food elements within the feeding 
range of most of our field crops, since the major portion of their feeding range 
is included in the upper 40 inches. One of the most striking facts brought out 
of this consideration of the data is the great variation within a given soil type 
in the relative abundance of the various elements present as compared with 
the amounts removed by crops. In one of the important types in the county— 
Gray Silt Loam.On Tight Clay, Upland—we find that the total quantity of 
nitrogen in all three strata is 9,510 pounds. This is about the amount of nitro- 
gen contained in the same number of bushels of corn. The amount of phos- 
phorus is a little over one-third as much, or 3,780 pounds, but this amount is 
equivalent to the phosphorus in about two and one-half times as much corn, 
namely, 22,200 bushels. In the surface stratum, however, which is the zone 
of most intensive crop feeding, we find the relative amounts of nitrogen and 
phosphorus more nearly in accord with the rate of removal of these elements 
by crops. Here the nitrogen is equivalent to 2,800 bushels of corn, and the 
phosphorus to 4,700 bushels, or somewhat less than twice the nitrogen 
equivalent. 

Other types show marked contrast to Gray Silt Loam On Tight Clay, just 
discussed, with respect to total content in relation to rate of removal by crops. 
However, in most soils, except those which are peaty, phosphorus is more 
abundant than nitrogen when considered in terms of crop equivalents rather 
than as an absolute amount. 


Service of Chemistry in Soil Investigation 


The foregoing discussion should not be taken to mean that it is possible 
to predict how long any certain soil could be cropped under a given system 
before it would become exhausted. Nor do the figures alone indicate the im- 
mediate procedure to be followed in the improvement of a soil. It must be 
kept in mind that the amount of plant food as determined by the chemical 
methods in vogue fails, of itself alone, to measure the ability of a soil to produce 
crops. The rate at which these elements are liberated from insoluble forms 
and converted to forms that can be used by growing plants is a matter of at 
least equal importance, as explained on page 39, and is not necessarily propor- 
tional to the total stocks present. One must know, therefore, how to cope with 
the peculiarities of a given soil type if he is to secure the full benefit from its 
stores of the plant-food elements. -In addition, there are always economic factors 
that must be taken into consideration, since it is necessary for one to decide 
at how high a level of productive capacity he can best afford to maintain his soil. 

The chemical soil analysis made in connection with the soil survey is seen 
to. be of value chiefly in two ways. In the first place, it reveals at once out- 
standing deficiencies or other chemical characteristics which alone would affect 
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its productivity to a marked extent, or point the way to corrective measures. 
It should be borne in mind, however, that fairly wide departures from the 
usual are necessary before the chemical analysis alone can be followed as a 
guide in practice without supplementary information from other sources. An 
example of the direct use of the results of chemical investigations is the marked 
shortage of potassium in peat soils associated with the need for potassium 
fertilizers. Another case is the determination of the lime need of soils by 
chemical tests. It is probable that the results of chemical soil analyses are 
frequently misused by attempting to interpret small differences in the amount 
of a certain plant-food element as indicative of fertilizer needs. For example, 
differences of 100 or 200 pounds of phosphorus per acre in soils containing 
1,000 pounds or thereabout in the surface soil should not be considered of any 
significance as to the probable response of the soil to phosphate fertilization. 
Or, for example, in the case of nitrogen, where the ordinary chemical analysis 
does not distinguish between active and inactive forms, 100 pounds of active 
nitrogen added to the soil by plowing down a crop of clover may be of more 
importance to the succeeding crop than 1,000 pounds of soil nitrogen, only a 
small part of which may be in a form that plants can use. 

The second function of soil analysis is to aid in the scientific study of soils 
from many angles, the ultimate aim of which is, of course, the more economical 
utilization of the soil for efficient crop production. Not only do chemical 
studies aid in determining the processes involved in soil development under 
natural conditions, but also in determining the effects of different soil manage- 
ment and fertilizing practices upon the soil and upon the utilization by crops 
of the plant-food elements involved. 


DESCRIPTION OF SOIL TYPES 


In the following descriptions of individual soil types an effort is made 
to deseribe the types as they would be mapped at the present time. It will 
be observed that several of the types as they appear on the soil map are now 
acknowledged to include two or more types. The situations in which these 
new types occur, particularly the topographic positions, are so stated that, in 
most eases, the soils can easily be recognized in the field even tho not differentiated 
on the accompanying map. 


UPLAND PRAIRIE SOILS 


The upland prairie soils of Edwards county occupy 11.07 square miles 
and are confined to relatively small, isolated areas. All the prairie land which 
occupies a true upland position is located on a remnant of the original plain 
which now appears as a flat-topped ridge one to three miles wide running in a 
northeast-southwest direction across the north-central part of the county. The 
settlement of Samsville is located on this ridge. The reason for the existence 
of even isolated areas of prairie soil on the present upland in this section of 
the state remains debatable. Normally, forests invade the land, particularly 
in a country where the temperature and rainfall are so nearly optimum for 
the development of forest vegetation as here. This prairie condition may be 


20 Som Report No. 46 [July, 


due to some accidental cause, such as forest fires continually nipping the new 
growth; or it may be due to poor drainage conditions hindering the rapid 
advance of the forest. The prairie land is relatively flat, and prior to artifi- 
cial drainage was probably saturated with water or even covered with shallow 
lakes or ponds during a portion of each year. These shallow ponds were prob- 
ably dry only in late summer and autumn, at most not more than a few 
months each year. Forest vegetation would have difficulty in making a start 
in a soil which remained water-logged most of the year, whereas prairie grass, 
which matures in a relatively short time, could make some growth during 
each dry season. The establishment of a thick grass sod on the ground would 
further impede forest advance by making it difficult for the seeds to take 
root in the soil. 

The remaining portion of the area mapped as upland prairie soil occupies 
a position on bench lands or terrace formations. These areas occur as isolated 
patches just above the overflow areas along some of the major stream courses. 
They were built up very largely from slope wash accumulated from surround- 
ing higher land. Some wash is still being deposited on them following heavy 
rains. Their position at the base of slopes makes them subject to seepage. 
Under these conditions the soils have been unable to reach the stage of devel- 
opment of those on the upland. The characteristics of these soils resemble 
those of the upland prairie, and indications are that their development is in 
the same direction as that of soils on the true upland. They are spoken of 
as youthful prairie soils in the sense that they are not as yet maturely developed. 

The upland prairie soils of Edwards county range in color from brownish 
gray to gray in the surface stratum, owing to variation in the amount and 
condition of the organic matter. The surface color of the prairie soils is darker 
than that of the timbered soils because the decayed vegetable material derived 
from the prairie grass that once grew on them was protected from rapid oxida- 
tion. Undoubtedly these soils were at one time as dark and fertile as those 
of central Illinois today, but because of their great age, acidity, and loss of 
mineral plant food, the common prairie soils in southern Illinois have become 
incapable of supporting a luxuriant plant growth. 


Gray Silt Loam On Tight Clay (330) 


All the upland prairie soils of Edwards county were formerly classified as 
Gray Silt Loam On Tight Clay and appear as such on the accompanying map. 
This type is now recognized however to include several types, each having defi- 
nite characteristics, and each of which is associated with a characteristic 
topographic expression. The original name, Gray Silt Loam On Tight Clay, 
has been retained for the designation of one of these types and new names 
applied to the others. The new names adopted are Deep Gray Silt Loam On 
Tight Clay and Gray Silt Loam On Orange-Mottled Tight Clay. 


Deep Gray Silt Loam On Tight Clay. This type occurs almost entirely on 
the bench land or terrace formations. A few small areas are found in small 
depressions at the heads of drainage courses or at the base of gentle slopes 
in the upland. This type was originally poorly drained and swampy, much of 
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it having been covered by a growth of brush with a few swamp oak. It has 
received, and in many places is still receiving, a silty wash brought down as 
a result of sheet erosion from adjoining higher land. Some of it has been 
artificially drained by a system of surface ditching which tends to divert the 
water that formerly flooded the land. Its topography is nearly level with 
usually a very gentle slope toward the bottom land. 

The surface soil of this type varies from 6 to 11 inches in thickness and 
is a brownish gray, friable silt loam. Small rounded iron pellets are frequently 
found lying on top of the ground. The subsurface soil is friable, gray, and 
rather thick. Below 16 inches and above the subsoil the subsurface material 
is usually light gray and ashy. The subsoil begins at depths varying from 
22 to 30 inches, depending upon the rate at which material is being deposited 
on the surface. Other characteristics of the subsoil are largely dependent 
upon the rate of surface deposition. It varies from a thick, yellowish gray, 
compact, plastic clay in areas where little or no material is deposited to a rela- 
tively thin, grayish yellow, medium-compact and plastic clay loam where 
deposition is frequent. Below 40 to 50 inches the material in the lower sub- 
soil becomes more friable and usually more sandy. 

Management.—Deep Gray Silt Loam On Tight Clay can be so managed 
as to return a moderate yield on the investment. The first defect to be cor- 
rected in the management of this type is poor drainage. Some means must be 
provided to keep run-off water from covering the land. This can most effect- 
ively be done by running a deep, open ditch from the bottom land to the source 
of overflow. Following that, a system of either shallow surface ditches or tile 
must be provided to remove the excess water which accumulates from the rain- 
fall. Tile are of little value unless they can be laid above the compact sub- 
soil. Only in those areas where the subsoil is at least 24 or more inches below 
the surface should tile drainage be employed. Tile should be placed not more 
than 4 to 6 rods apart. Shallow, open ditches should be 3 to 4 rods apart. 

This soil is acid and is low in organic matter. The next step in increasing 
its productivity is to apply enough limestone to sweeten the land, after 
testing each field in detail. Clover, preferably sweet clover, should be included 
in the rotation. Plowing under clover will correct the nitrogen deficiency and 
add active organic matter. Clover should be grown and plowed under every 
third or fourth year. After the acidity and nitrogen deficiency have been ecor- 
rected, trials of phosphate and potash fertilizers are suggested. A trial applica- 
tion is suggested because there are no definite data to indicate possible results. 
The system of crop rotation, chosen from the list suggested in the Appendix 
(page 49) which most nearly meets the needs of a particular situation should 
give a fair return on this soil provided it is properly managed. 


Gray Silt Loam On Tight Clay. This type is found on the flat uplands and 
in the center of some of the areas which occur as bench lands and terraces. 
Only a very small portion of the total prairie soil area would now be mapped 
as this type. Its chief characteristic is a thick, very compact and plastic sub- 
soil which makes water movement thru the soil very slow. It is wet in spring 
because it lies too flat for water to drain off the surface and the tight subsoil 
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prevents underdrainage. It is drouthy in late summer because moisture cannot 
move up to the surface from below. 

The surface soil is about 8 inches thick and is a friable, light brownish 
gray silt loam. The first 5 or 6 inches of the subsurface is a gray silt loam, 
and the lower 5 to 7 inches is a very light gray, ashy silt loam. The subsurface 
is separated by a sharp line from the subsoil, which is a dark gray, very com- 
pact and plastic clay. A pale red or orange mottling often occurs in the upper 
few inches of the subsoil, which is encountered at depths varying from 18 to 
22 inches. This tight, sticky subsoil is rather thick in the original upland 
areas, often 3 feet or more. Sand and small rounded pebbles begin to appear 
below 40 inches but they do not seem to have any effect on its imperviousness. 
The subsoil of this type developed on bench lands or terraces is neither so tight 
nor so thick as that in the upland, seldom being over 20 inches. 

Management.—Since it is practically impossible to drain this type ade- 
quately, it is questionable how much treatment can be given with profit. Tile 
will not draw, and open surface-ditching is the only means of drainage. This 
however is not effective unless a good outlet can be established. The soil is 
very acid. Following liming it will grow sweet clover but not alfalfa. Any 
additional fertilizer treatment should be limited at first to a trial basis. Corn 
should probably not be grown, but hay, particularly red top, can be included 
in a rotation with sweet clover and a small grain. Even under the best of man- 
agement, only a small rate of return can be expected from this land. 


Gray Silt Loam On Orange-Mottled Tight Clay. This type is found almost 
entirely in the upland. It occurs on gently rolling areas and has fair natural 
drainage. The plots of Series 100 on the West Salem soil experiment field are 
located on land very similar to this type. 

The surface soil is 6 to 7 inches thick, and is a friable, brownish gray silt 
loam. The subsurface is yellowish gray in the upper part and gray with pale 
red or orange mottling in the lower part. The subsoil begins at 14 to 18 inches 
and is a dark gray, profusely orange-mottled, very compact and plastic clay. 
The lower subsoil below 24 to 26 inches is yellowish gray in color and not so 
compact or plastic as the upper. Some sand and small pebbles occur in the 
lower subsoil. 

Management.—Altho this type cannot be successfully tile-drained, it has 
enough slope so that shallow open surface-ditching, if the ditches are placed 
2 to 3 rods apart, will remove most of the excess surface water. It is extremely 
acid, a condition which can be corrected by applying limestone. Before lim- 
ing, each field should be tested in detail to learn the amount required to neu- 
tralize the acidity. Following liming, clover should be grown and turned un- 
der. The results from the plots in Series 100, West Salem field (see Supple- 
ment, page 52), indicate that the application of phosphate and potassium fer- 
tilizers with limestone and organic matter substantially increase the yield. 
It should be kept in mind, however, that even after full treatment is applied, 
only fair crop yields are returned and complete crop failures sometimes occur. 
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Slick Spots 


Slick spots are peculiar soil formations which occur within all the above- 
described prairie soil types, and they are also found in association with Yellow- 
Gray Silt Loam On Tight Clay and Light Gray Silt Loam On Tight Clay (upland 
timber soils), as well as with Deep Gray Silt Loam (a terrace soil). These 
spots are not shown on the map since they usually are small. They can be 
easily identified, however, by the extremely light color of the surface soil. 
They are commonly called ‘‘secalds’’ or alkali spots. They usually occur in 
small areas 50 to 100 feet in diameter, altho occasionally a larger area cover- 
ing as much as 20 to 30 acres is found. 

Slick spots are found in regions of relatively flat topography where a 
shallow deposit of soil material has accumulated over an impervious sub- 
stratum. The leaching and removal of chemical bases from the superimposed 
material that would naturally take place was interrupted in these areas by 
the slowly pervious material below, and the leached bases were thrown out 
of solution, accumulating as salts and concretions such as magnesium sulfate 
and calcium earbonate. This accumulation of chemicals made the soil highly 
alkaline and produced an excess of salts which acted either to unbalance the 
plant-food situation or even to prohibit plant growth. Vegetation on these 
spots is either stunted or completely lacking and only in the most favorable 
years is any crop harvested from them. 

The surface soil varies in thickness from 2 to 7 or 8 inches and in color 
from very light gray to gray. It is always lighter in color than the surround- 
ing soil. The subsurface is usually very thin, is light gray in color, and con- 
tains many black, rounded pellets. The subsoil begins at 8 to 16 inches and 
is sharply differentiated from the overlying material. It has a peculiar greenish- 
yellow color, and when exposed and dry stands out in characteristic columnar 
form, over which a white salty material accumulates. It is extremely hard and 
tough when dry but offers little resistance to pressure when wet. It takes up 
water very slowly when thoroly dry, but absorbs it readily when wet. Many 
bad mud holes develop on the roads which run thru these spots, and in culti- 
vated fields the toughness of the subsoil forces the plow to the surface. 

Management.—Little is known about the management of slick spots. Most 
of these areas will grow sweet clover without treatment. If the surface soil 
is acid, as is sometimes the case, a light application of limestone must be made. 
Until such time when treatment can be applied, it is suggested that a legume 
such as sweet clover be grown in so far as this is possible. Practical experience 
has shown that the application of animal manure gives relatively small returns 


on these spots. 


UPLAND TIMBER SOILS 


Forests have overspread at one time or another more than nine-tenths of 
the upland area in Edwards county. The upland timber soils, as mapped, 
occupy 142.70 square miles, about two-thirds of the total area of the county. 
These soils are characterized by a yellow to yellowish-gray color which is due ~ 
to their low organic-matter content. This lack of organic matter is the result 
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of the growth of forest trees over long periods of time. As the forests invaded 
the prairies, the following effects were produced: the shading of the trees 
prevented the growth of grasses, the roots of which are mainly responsible for 
the large amount of organic matter in the prairie soils; and the trees them- 
selves added very little organic matter to the soil, for the leaves and branches 
either decayed or were completely destroyed by forest fires. Much of the 
original timber in the county has been cut off and the areas cleared and cul- 
tivated, but the soil still retains the effects left by the long-continued forest 
growth. Japanese clover, or lespedeza, a legume which will grow in an acid 
soil, has spread over the timber soil in this region. It affords some pasture 
but is particularly beneficial in retarding erosion on cleared, uncultivated areas 
by checking run- off. 

The same situation with respect to differentiation of types exists in the 
upland-timber soil group as was noted for those in the upland-prairie soil 
group, in that each type shown on the soil map would now be separated into 
two or more types. These new separations will be described in order as they 
correlate with the types shown on the map. 


Yellow-Gray Silt Loam (334) 


Yellow-Gray Silt Loam as mapped occupies 83.74 square miles, nearly 
40 percent of the total area of the county. It includes three types, each of 
which is associated with a characteristic topographic expression. These types 
are named: Yellow-Gray Silt Loam On Tight Clay, Yellow-Gray Silt Loam 
On Compact Medium Plastic Clay, and Reddish Yellow-Gray Silt Loam. 


Yellow-Gray Silt Loam On Tight Clay. This type occurs on flat or very 
gently sloping land. Most of it is confined to the flat areas between Fox and 
Sugar creeks in the northwest part of the county. Small areas of it surround 
some of the land mapped as upland prairie on bench-land formations, Both the 
surface drainage and underdrainage of this type are poor. Slick spots occur 
frequently. In many respects this type resembles the prairie type Gray Silt 
Loam On Tight Clay. 

The surface soil is 4 to 5 inches thick and is yellowish gray in color. Cul- 
tivation, by mixing the surface with the subsurface, has thickened this surface 
stratum and has also lightened its color. The upper subsurface is gray in 
color, and the lower subsurface ashy white. Except for being somewhat more 
yellowish in color, the subsoil of this type is similar to that of Gray Silt Loam 
On Tight Clay. 

Management.—For suggestions regarding the management of this soil the 
reader is referred to the management discussion of Gray Silt Loam On Tight 
Clay (page 22). Better drainage can usually be secured in this type than in 
its corresponding prairie type because this type lies closer to an outlet. The 
plots of Series 200 and 300 on the Raleigh field are located on soil similar to this 
type and should be studied in this connection (see pages 60 to 62). 


Yellow-Gray Silt Loam On Compact Medium-Plastic Clay. More than 
half the area shown on the map as Yellow-Gray Silt Loam would now be 
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classified as Yellow-Gray Silt Loam On Compact Medium-Plastie Clay. It is 
the predominant upland type in the central and northern parts of the county. 
This type is found on the intermediate slopes in the upland. It has fair to 
good surface drainage and fair subsurface drainage. 

The surface soil is 6 to 7 inches thick. The color of the virgin soil is 
brownish yellow, but following continued cultivation it changes to yellowish 
gray. The subsurface is friable and is yellowish gray in color. Just above 
the subsoil the subsurface is a pale yellowish gray and slightly resembles the 
gray layer so characteristic of soils developed on flat topography under poor 
drainage. The subsoil begins at 15 to 18 inches and is a moderately compact, 
somewhat plastic clay loam, grayish yellow in color. The lower subsoil below 32 
to 40 inches is often more friable than the upper. Sand and small pebbles fre- 
quently occur in the subsoil of this type in the northern part of the county. 

Management.—Yellow-Gray Silt Loam On Compact Medium-Plastic Clay 
is one of the best upland soils in Edwards county. It has been mistreated by 
farmers in the past, robbed of its fertility, and then in the face of erosion left 
without a protective cover. At present not much of this type is very productive, 
but it has possibilities of improvement. Better drainage should be provided 
by artificial means. Tile will not draw for any great distance and will not 
carry excess water away swiftly, but in the spring they will often make a 
difference of 10 to 15 days in the time when the soil becomes.dry enough for 
cultivation. A system of shallow surface ditches should be provided to col- 
lect and carry off the water in order to prevent excessive slope wash. These 
ditches should be constructed in such a way as to carry off the water slowly 
and not to allow deep gullies to develop. To prevent surface wash on the 
more sloping areas, shallow terraces should be constructed following the con- 
tours. A crop or vegetative cover should be kept on the land during the 
winter and spring as a further protection against sheet-washing. 

The soil is acid and in need of nitrogen and organic matter. Limestone 
should be applied in amounts needed to sweeten the land, and then a legume, 
preferably sweet clover, seeded and turned under. This practice will correct 
the nitrogen deficiency and furnish active organic matter, thus enriching the 
soil as well as putting it in better physical condition. The results obtained on 
the plots of Series 100 on the Enfield experiment field, which are located on 
this soil type, indicate that the use of some potassium fertilizer would pay if 
used on land on which sweet clover had been turned under (see page 63). 


Reddish Yellow-Gray Silt Loam. This type occurs on the rolling upland 
and is confined to the central and southern parts of the county. It has devel- 
oped under good natural drainage on rolling, preglacial topography. The 
natural slope of the land has given erosion a better chance to remove the loose 
soil where the protective timber cover is cleared off. Much of this soil type, 
particularly in the southern part of the county, is badly gullied and sheet- 
washed. It takes only a few years of exposure to erosion to reduce this soil 
to a state of unproductiveness. 

The surface of the virgin soil of this type is 6 inches thick and is brownish 
yellow in color. Following a few years of cultivation the color changes to 
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yellow. The subsurface is friable and its color is yellow with a reddish east. 
The subsoil begins at 11 to 15 inches and is a slightly compacted, non-plastic, 
silty clay loam, reddish yellow in color. The subsoil gradually becomes more 
friable below 25 mches. It maintains the yellow color but loses the reddish 
cast and thin streaks of gray appear. 


Management—Reddish Yellow-Gray Silt Loam is potentially one of the 
best upland soils in Edwards county. It is largely unproductive at present 
because of gross mismanagement. It is naturally well drained but must be 
protected against destructive erosion. With additions of fresh organic mat- 
ter the soil will absorb water faster. A protective vegetative cover should 
always be kept on the land during winter and early spring. This soil type 
will respond to terracing probably better than any of the other types mentioned. 
Circular 290 of the Illinois Agricultural Experiment Station is suggested as a 
source of information on the details of soil terracing. 

This type is acid but not strongly so. A moderate application of lime- 
stone will usually sweeten the soil for sweet clover growth. Several crops 
of clover should be grown and turned under to add nitrogen and organic mat- 
ter. The application of phosphate on land of this type which has been previ- 
ously built up by limestone and legumes would probably pay. The results 
obtained from the Elizabethtown and Unionville fields, which are located on 
soil resembling this type, corroborate this statement. Potassium used in addi- 
tion to phosphate does not give significant increases (see pages 64 to 67). The ap- 
plication of manure has given very beneficial results, and probably as much 
return can be obtained per ton when applied on this type as on any other in 
the county. 

Reddish Yellow-Gray Silt Loam will grow alfalfa after lime has been ap- 
plied and manure or a legume crop turned under. It is not particularly 
adapted to growing corn because of the lack of sufficient moisture during the 
ripening of the crop. It is better suited to winter and spring small grains, 
cowpeas, soybeans, and special crops such as vegetables and fruits. Most of 
the successful peach orchard sites are located on this type. Information rela- 
tive to the treatment of the soil for special crops may be obtained by writing 
direct to the Agricultural Experiment Station. 


Yellow Silt Loam (335) 

Yellow Silt Loam as mapped occupies 53.81 square miles, nearly 25 per- 
cent of the total area of the county. Properly, it includes two types: Reddish 
Yellow Silt Loam, and Yellow Silt Loam. These types occur on very rolling 
to rough topography and are subject to destructive erosion. 

Reddish Yellow Silt Loam. This soil type is found only in the central and 
southern parts of the county on the very rolling to steep slopes. It has devel- 
oped in the region of preglacial topography and has been protected from devas- 
tative erosion by a vegetative cover. Under cultivation the soil is soon washed 
away and the land made unproductive unless properly managed. 

The surface of the virgin soil of this type is 4 to 5 inches thick, friable in 
texture and brownish yellow in color. Cultivation changes the surface color 
to reddish yellow. The subsurface is thin, friable, and reddish yellow. The 
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subsoil begins at 8 to 11 inches, and is a non-plastic, only very slightly com- 
pacted, reddish yellow silt loam. The lower subsoil is even more friable than 
the upper and is yellow in color. 

Management—Reddish Yellow Silt Loam is not adapted to general grain 
farming. Following treatment such as suggested for Reddish Yellow-Gray Silt 
Loam it ean be utilized for growing alfalfa, winter small grains, vegetables, 
fruits, or put in permanent pasture or vineyard. The success of any project 
on this type of soil depends largely upon the prevention of erosion. Terracing 
and keeping the soil under a vegetative cover during the rainy seasons and the 
frequent addition of fresh organic matter are the means by which this can be 
accomplished. The reader is referred to the discussion of. results on the 
Elizabethtown field, which is located on soil similar to this type (see page 64). 


Yellow Silt Loam. This type is found on the steep gullied slopes thru- 
out the county. In the northern part of the county it is found in the steep 
gullies which break abruptly from the flat upland. Most of these gullies 
have never been cleared of timber. In the southern part of the county Yellow 
Silt Loam occurs in patches on the steep hillsides of preglacial ridges as well 
as along the small bottom lands. Most of the small patches are the result of 
recent erosion following clearing of the timber from the land. Occasional 
outcrops of sandstone and shale rock are found in this type. 

Yellow Silt Loam has little or no soil development because the surface is 
removed faster than the soil forms. The gullies along small streams in the 
northern half of the county are sandy and gravelly. Erosion has exposed the 
boulder clay deposited by the glacier. The eroded areas in the southern half 
of the county are usually silty, being the lower deposits cf the loess. 

Management.—The Yellow Silt Loam in the northern part of the county 
cannot be cultivated because of its steepness of slope. It should be used for 
forestry. Some of that in the southern part may be built up in the manner 
suggested for Reddish Yellow Silt Loam and used as permanent pasture or 
orchards. Present conditions do not warrant the expenditure of much money 
in its development in view of the fact that there is a large acreage of better 
land in and surrounding the county which is not fully utilized. Perhaps it 
should be reforested at present and held in reserve until some future time when 
the agricultural economie situation demands its return to cultivation. 


Light Gray Silt Loam On Tight Clay (332) 


Light Gray Silt Loam On Tight Clay occurs on the very flat, exceptionally 
poorly drained, depressional areas in the northern half of the county. It is 
found on the remnants of the upland plain. A few areas of this type are 
mapped on the flat land between Sugar and Fox creeks in the northwestern 
part of the county. These areas more nearly resemble Yellow-Gray Silt Loam On 
Tight Clay, and the reader is referred to the discussion of that type (page 24) 
for information concerning these areas. Typical Light Gray Silt Loam On 
Tight Clay has very poor surface drainage and underdrainage. During wet 
weather the soil is soft and mushy, while in dry weather it bakes and becomes 
very hard. The areas of this type are spoken of as ‘‘post oak’’ or ‘‘hickory 
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flats’? because of the kind of timber which once grew on them. Black pellets, 
known as ‘‘buckshot,’’ are abundant over the surface of this soil. 

The surface of the virgin soil is 2 to 3 inches thick and is brownish gray 
in color. Cultivation has mixed some of the gray subsurface material with the 
surface and furthered organic-matter decay so that the surface soil in plowed 
fields of this type have a pale yellowish color. The upper subsurface is gray 
and the lower subsurface ashy white. Both the surface and subsurface contain 
numerous small, rounded black pellets. The subsoil is thick, very tough and 
hard when dry and sticky when wet. Water penetrates it very slowly and it is 
termed an impervious clay. 

Management.—Fortunately the total area of this type in the county is 
small, for this is the poorest of all the soils. It cannot be successfully drained, 
it is extremely acid, very low in organic matter, and generally unproductive. 
Altho it is not well adapted to pasture land or meadow, that seems to be the 
best possible use for it. (See account of Sparta field experiments, page 62.) 


Yellow-Gray Fine Sandy Silt Loam (344) 

Yellow-Gray Fine Sandy Silt Loam occupies a total area of 1.67 square 
miles in Edwards county and is all found within three miles of Grayville. This 
soil resembles Reddish Yellow-Gray Silt Loam, differing from it in having a 
thicker surface soil and one that is coarser in texture. The upper soil material 
of this soil type was deposited as loess considerably later than that covering 
most of the county. It is therefore a younger, less-leached, and more-productive 
soil. It lies on rolling topography and is well drained. 

The surface soil varies from 8 inches in thickness along the west border 
of the area to 12 inches near the Wabash river bluffs. It is brownish yellow 
in color, very friable, and of a coarse, silty texture. The subsurface and sub- 
soil are very similar to those of the Reddish Yellow-Gray Silt Loam. 

Management.—In favorable years this soil will grow red clover without 
lime. It takes only 114 to 2 tons of limestone to sweeten it in order to grow sweet 
clover or alfalfa. The same management practices should be used on this 
type as those suggested for Reddish Yellow-Gray Silt Loam (see page 25). 
Somewhat better returns can be expected because it is naturally a more- 
productive type. 


Yellow Fine Sandy Silt Loam (345) 1 

Yellow Fine Sandy Silt Loam occupies 1.86 square miles in Edwards 
county and occurs as the more-rolling to steep phase of Yellow-Gray Fine Sandy 
Silt Loam. With the exception of having a darker and coarser surface soil, 
this type is similar to Reddish Yellow Silt Leam; it is also more youthful and 
more productive. With these exceptions in mind the reader may refer for the 
description and management of this type to the discussion of Reddish Yellow 
Silt Loam, page 27. 


Yellow Sandy Loam (365) i 


One area, 64 acres in extent, of Yellow Sandy Loam, located just west of 
where Bon Pas creek enters the Wabash river, was mapped in Edwards county. 


1930] EDWARDS CoUNTY 29 


This area has dune-like topography and lies considerably lower than the upland 
but higher than the surrounding terrace land. The type is formed from a 
deposit of 10 to 30 feet of medium to coarse sand resting on limestone bedrock. 

Yellow Sandy Loam has a shallow, brownish-yellow sandy-loam surface 
soil. Below 6 to 8 inches the soil becomes sandy and yellow in color. At 20 
' to 25 inches a reddish cast appears, and this is accompanied by a slight com- 
paction. Below 30 inches the material becomes loose and very sandy. 

Management.—This soil is slightly acid but with a small application of lime- 
stone will grow excellent clover and alfalfa. Wheat usually produces a good 
crop. Corn is an uncertain crop because of the drouthy nature of the soil. How- 
ever, in years of favorable moisture supply a good corn crop can be produced. 
The available information from experiment fields indicates that limestone with 
manure or legumes is the most profitable treatment. 


TERRACE SOILS 


The terrace formations in Edwards county were made during or shortly 
after glacial times by overloaded and flooded streams which deposited an im- 
mense amount of material in the old channels. Later as the streams diminished 
in size and cut their channels deeper, new bottom lands were developed, leav- 
ing the old flood plains above overflow except in high flood stages. The soils 
on the terraces mapped along Bon Pas creek and Wabash river appear to be 
younger than those along Little Wabash river. The soil material from which 
the terraces were formed was for the most part washed down stream from 
above. That along Bon Pas creek was probably mixed more or less with sedi- 
ment from Wabash river back water and kept under water or in a marshy 
condition longer than that along Little Wabash river. 


Deep Gray Silt Loam (1531) 


Deep Gray Silt Loam, Terrace, occupies 9.74 square miles and is found 
along all the principal streams in the county. It is derived very largely from 
more, or less recent wash accumulating from the immediately surrounding 
upland. Most of the areas of this type have a flat topography and lie in such 
a position adjacent to the upland as to receive considerable run-off. Drainage 
is often difficult on account of the considerable distance to a stream channel. 
Many of the areas are wet in the spring and early summer. 

This type has a dark gray silty surface soil varying from 6 to 12 inches 
in thickness. There is little or no soil development below the surface; the soil 
gradually becomes lighter in color without much change in texture or com- 
paction with increasing depth. Occasionally on slightly higher land a thin, 
somewhat compact and plastic band occurs in the soil at a depth between 20 
and 30 inches. Black, rounded pellets are abundant on top and thru the soil. 

Management.—The reader is referred to the discussion of Deep Gray Silt 
Loam On Tight Clay (page 21) for suggestions regarding the management of 
this terrace type. 
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Yellow-Gray Silt Loam On Clay (1534.1) 


Yellow-Gray Silt Loam On Clay occupies a total area of about 8 square 
miles in Edwards county. Most of it lies adjacent to the Bon Pas and Little 
Wabash stream channels. The soil material from which this soil developed 
was deposited as alluvium during high water. The areas of this type do not 
overflow at present except during high flood stages of the Wabash river. At 
these times the outlets of smaller streams are blocked and back water from 
them covers the area of this soil type. The water seldom gets very deep, nor 
does it remain long, and little sediment is deposited. The topography of this 
soil type is flat, but because of its position adjacent to stream channels it has 
fair surface drainage. Timber originally covered the land, but most of the 
areas are now cleared and cultivated. 

The surface soil of Yellow-Gray Silt Loam On Clay is 4 to 6 inches thick, 
yellowish gray in color, and a friable silt loam in texture. The subsurface 
varies in thickness from 8 to 15 inches, is somewhat grayer in color than the 
surface, and of a silty clay-loam texture. The upper subsoil, which begins at 
12 to 20 inches, is a pale drabbish-gray loam, plastic but not highly compact. 
The lower subsoil is more yellowish and friable. Rounded concretions of lime 
are often present in the lower subsoil. Small black rounded pellets are pres- 
ent on the surface. 

Management.—Tile placed 6 to 8 rods apart and shallow surface ditches 
around the field will effectively drain this soil. It is moderately acid and low 
in organic matter. The application of limestone as needed and the growing 
and turning down of clover will considerably increase its productive capacity. 
Phosphate and potassium fertilizers should be given a trial—phosphate just 
ahead of wheat and potassium in preparing for corn. 


Drab Clay Loam (1521) 


What are now regarded as two distinct types were mapped as Drab Clay 
Loam in Edwards county. Together they occupy 7.71 square miles. That part 
of the total area along Bon Pas ereek has been reclassified as Black Clay Loam, 
and the original name, Drab Clay Loam, is retained for that in the Little 
Wabash river valley. 


Black Clay Loam. This soil type is potentially the richest soil in Edwards 
county. It was derived from alluvial material which has remained under 
swampy conditions until artificially drained. Most of the areas are now pro- 
tected from overflow, altho during high water and continued rainy seasons 
difficulty is experienced in getting the water off the land. 

The surface soil is 8 to 11 inches thick. It is drabbish brown to black 
in color and of clay-loam texture. The subsurface is drabbish black with some 
yellow spots. The subsoil begins at 15 to 18 inches and is a plastic, slightly 
compact clay loam, drabbish brown in color, heavily splotched with yellow. 
Below 380 inches the subsoil is drabbish yellow and not so plastic as above. Con- 
cretions of lime and the remains of snail shells and other fresh water fossil shells 
are abundant in this type. : 
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Management.—This soil can be effectively drained with tile if an outlet 
can be established. It will grow clovers without limestone applications. A 
legume crop should be plowed under every three or four years to maintain a 
supply of active organic matter. It is questionable whether any commercial 
fertilizers can be applied with profit, particularly if farm manure is plentiful 
and can be used on the land at frequent intervals. 


Drab Clay Loam. This type is found in the Little Wabash valley. It was 
derived from alluvial material brought down by the stream. It has been kept 
under swampy conditions most of the time. The areas are covered with water 
following each heavy rain and because of the lack of drainage the water 
remains until it evaporates. 

The surface soil is 6 to 8 inches thick and is a grayish-drab silty clay loam. 
The subsurface is more nearly gray in color and somewhat heavier in texture 
than the surface. The subsoil is imperfectly developed and variable in its char- 
acteristics. At some places it becomes silty and at others it takes the nature 
of aclay loam. It is always gray in color and is somewhat compact and plastie. 


Management.—Drab Clay Loam is a good soil if it can be properly drained. 
The difficulty of drainage is in securing an outlet. In all probability a proper 
outlet will never be obtained until the stream channels are dredged. This is 
particularly true of Big creek. When an outlet is established this soil can be 
tiled and good drainage afforded. Clover should be grown and turned under 
at regular intervals in order to furnish nitrogen and active organic matter. 
The land should be tested for acidity. Altho not strongly acid, it often needs 
light limestone applications to insure good clover growth. Much of the area 
of this type is now in timber, and until good drainage can be obtained it prob- 
ably should remain so. 


Brown Silt Loam On Clay (1526.1) 


Brown Silt Loam On Clay occupies 3.13 square miles in Edwards county. 
It is located on land slightly higher than the adjoining areas of Drab Clay 
Loam. As in the latter type, the areas of Brown Silt Loam On Clay occurring 
along Bon Pas creek are more productive than those in Little Wabash river 
valley. This type was derived in the same manner as Drab Clay Loam except 
that its surface deposit was silty and it has had better natural drainage. 

The surface soil of this type is variable in color and thickness, depending 
upon the nearness to surrounding types. Near areas of Drab Clay Loam it is 
dark brown, and near Yellow-Gray Silt Loam On Clay it is light brown. The 
subsurface is a drabbish-brown silty clay loam. The subsoil begins at a depth 
of 15 to 18 inches and is a yellowish-drab, somewhat compact and plastic clay 
loam. It becomes more friable below 28 to 30 inches. Concretions of lime are 
often present in the subsoil. 

Management.—Brown Silt Loam On Clay is one of the most productive 
soils in Edwards county. Underdrainage should be provided by tiling. Fresh 
organic matter should be added by plowing under clovers or farm manure. The 
addition of other fertilizers is questionable at this time. 
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Yellow-Gray Sandy Loam (1564) 


Yellow-Gray Sandy Loam is a minor type in Edwards county, occupying 
only 397 acres. It occurs as undulating ridges in the valleys of the' larger 
streams. The soil material was deposited from moving water during flood 
times. The material varies from a fine to medium sand with enough silt and 
clay to keep it from being drouthy. The color is grayish yellow on the sur- 
face, changing to yellow with a reddish cast in the subsoil. The subsoil is 
slightly compact but not plastic. 


Management.—Yellow-Gray Sandy Loam is naturally well drained. It is 
somewhat acid and should have a limestone application. Hither clovers should 
be grown, or else manure applied, to be turned under in order to add nitrogen 
and organic matter: ' This type of soil grows satisfactory clover and small grain 
crops following proper treatment. 


Brown Sandy Loam (1560) 


Brown Sandy Loam is likewise a minor type in Edwards county, occupy- 
ing only 320 acres. The largest area is in the vicinity of the town of Browns, 
where it resembles Brown Silt‘ Loam On Clay except that it usually has more 
fine sand in the surface. For a description and suggestions of management 
of this area, the reader is referred to Brown Silt Loam On Clay (see page 31). 

The remainder of the total area of Brown Sandy Loam occurs as undulat- 
ing ridges along Little Wabash river. These areas are similar to those of 
Yellow-Gray Sandy Loam in every respect except for the darker color of the 
surface soil, which indicates that the Brown Sandy Loam areas are the more 
fertile. 


Light Brown Sandy Loam (1560.6) 


One area of Light Brown Sandy Loam containing 102 acres, and located 
in the Wabash river valley, was mapped. This type tends toward drouthiness 
because of a medium-sandy subsoil. Its surface is light brown in color and a 
sandy loam in texture. 

Management.—This soil will produce satisfactory clover and small grain 
crops, particularly wheat, if limestone is applied and fresh organic matter 
added. Corn does not produce good yields except in years of plenteous rainfall. 


SWAMP AND BOTTOM-LAND SOILS 


The swamp and bottom-land group of soils includes the bottom lands along 
streams, the swamps, and the poorly drained lowlands. The soil types are of 
alluvial formation and the land is subject to frequent overflow. Drainage is 
the most important consideration in the management of this land. Little, if 
anything, can be done by the individual to correct this poor drainage condi- 
tion, since dredging and the deepening of the channels of existing streams 
are necessary to secure an outlet. Under present economie conditions the start- 
ing of drainage projects on this type of land is a questionable venture. | 


1930] EDWARDS CouUNTY 33 


Deep Gray Silt Loam (1331) 


Deep Gray Silt Loam is the predominating bottom-land type in Edwards 
county. It occupies about 27 square miles. The material forming this type is 
mainly silt brought down from upstream uplands and from surrounding hills 
and deposited by slowly moving water during flood times. It remains under 
high moisture conditions thruout most of the year. The bottoms are flat, poorly 
drained, and often swampy. 

The soil is not of sufficient age to have much development. Its color is 
gray on the surface, gradually becoming somewhat lighter with depth. Its 
texture is silty thruout except on some of the slightly higher-lying areas, where 
a noticeable compaction occurs at depths varying from 18 to 30 inches. This 
compaction is rarely over 8 inches thick. Slick spots (see page 23) occasion- 
ally occur in these areas. 


Management.—Drainage is the most important consideration in the man- 
agement of Deep Gray Silt Loam. The difficulty of obtaining good drainage 
in these bottom-land areas has already been discussed. The soil is medium acid 
and will not grow clover without lime. On areas where overflow and drain- 
age have been taken care of, the additions of fresh organic matter give good 
increases in corn. Corn is the chief crop because this soil usually does not 
dry out until early summer and seldom overflows again until after the corn 
is harvested. 


Mixed Loam (1354) 


Mixed Loam occurs in small bottom lands at the heads of streams. It 
occupies 7.08 square miles in Edwards county. It is subject to overflow after 
each heavy rain, and is continually receiving new deposits of material brought 
down from adjoining upland. Flood water quickly drains off this land down 
to the larger bottom lands. The soil material varies from a silty to a fine 
sandy texture. Being a youthful soil it has little or no development. It ranges 
in color from gray to yellow and its texture is friable thruout. 

Management.—Altho this type is subject to frequent overflow, crops such 
as corn, cowpeas, and soybeans can be grown to maturity between spring and 
fall rains. The soil is slightly acid, but because of continuous deposition no 
treatment is suggested. Practically the entire area of this type is farmed in 
corn. 


Yellow-Brown Silt Loam 


The 377 acres of Yellow-Brown Silt Loam in Edwards county form the first 
bottom-land along Wabash river. This land overflows when the river leaves 
its channel, but an average of about seven crops in ten years has been obtained. 
The soil is fertile, well drained, and not acid. No treatment is suggested under 
these conditions. Most of the land is farmed to corn year after year. 


APPENDIX 
EXPLANATIONS FOR INTERPRETING THE SOIL SURVEY 


CLASSIFICATION OF SOILS 

In order to interpret the soil map intelligently, the reader must understand 
something of the method of soil classification upon which the survey is based. 
Without going far into details the following paragraphs are intended to furnish 
a brief explanation of the general plan of classification used. 

The soil type is the unit of classification. Each type has definite character- 
istics upon which its separation from other types is based. These characteris- 
tics are inherent in the strata, or ‘‘horizons,’’ which constitute the soil profile in 
all mature soils. Among them may be mentioned color, structure, texture, and 
chemical composition. Other items, such as native vegetation (whether timber 
or prairie), topography, and geological origin and formation, may assist in 
the differentiation of types, altho they are not fundamental to it. 

Not infrequently areas are encountered in which type characters are not 
distinctly developed or in which they show considerable variation. When these 
variations are considered to have sufficient significance, type separations are 
made wherever the areas involved are sufficiently large. Because of the al- 
most infinite variability occurring in soils, one of the exacting tasks of the soil 
surveyor is to determine the degree of variation allowable for any given type. 

Classifying Soil Types.—In the system of classification used, the types fall 
first into four general groups based upon their geological relationships ; namely, 
upland, terrace, swamp and bottom land, and residual. These groups may be 
subdivided into prairie soils and timber soils, altho as a matter of fact this 
subdivision is applied in the main only to the upland group. These terms are 
all explained in the foregoing part of this report in connection with the descrip- 
tion of the particular soil types. 

Naming and Numbering Soil Types.—In the Illinois soil survey a system of 
nomenclature is used which is intended to make the type name convey some idea 
of the nature of the soil. Thus the name ‘‘Yellow-Gray Silt Loam’’ carries in 
itself a more or less definite description of the type. It should not be assumed, 
however, that this system of nomenclature makes it possible to devise type 
names which are adequately descriptive, because the profile of mature soils is 
usually made up of three or more horizons and it is impossible to deseribe each 
horizon in the type name. The color and texture of the surface soil are usually 
included in the type name and when material such as sand, gravel, or rock lies 
at a depth of less than 30 inches, the fact is indicated by the word ‘‘On,’’ and 
when its depth exceeds 30 inches, by the word ‘‘Over’’; for example, brown 
Silt Loam On Gravel and Brown Silt Loam Over Gouven 

As a further step in systematizing the listing of the soils of Illinois, recog- 
nition is given to the location of the types with respect to the geological areas 
in which they occur. According to a geological survey made many years ago, 
the state has been divided into seventeen areas with respect to eeological forma- 
tion and, for the purposes of the soil survey, each of these areas has been as- 
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signed an index number. The names of the areas together with their general 
location and their respective index numbers are given in the following list 


000 Residual, soils formed in place thru disintegration of rocks, and also rock outcrop 
100 Unglaciated, including three areas, the largest being in the south end of the state 
200 Illinoian moraines, including the moraines of the Illinoian glaciations 
300 Lower Illinoian glaciation, formerly considered as covering nearly the south third of the 
state 
400 Middle Iilinoian glaciation, covering about a dozen counties in the west-central part of 
the state 
500 Upper Illinoian glaciation, covering about fourteen counties northwest of the middle 
Illinoian glaciation 
600 Pre-Iowan glaciation, but now believed to be part of the upper Dlinoian 
700 Iowan glaciation, lying in the central northern end of the state 
800 Deep loess areas, including a zone a few miles wide along the Wabash, Illinois, and 
Mississippi rivers 
900 Early Wisconsin moraines, including the moraines of the early Wisconsin glaciation 
1000 Late Wisconsin moraines, including the moraines of the late Wisconsin glaciation 
1100 Early Wisconsin glaciation, covering the greater part of the northeast quarter of the 
state 
1200 Late Wisconsin glaciation, lying in the northeast corner of the state 
1300 Old river-bottom and swamp lands, formed by material derived from the Illinoian or 
older glaciations 
1400 Late river-bottom and swamp lands, formed by material derived from the Wisconsin and 
Iowan glaciations 
1500 Terraces, bench or second bottom lands, and gravel outwash plains 
1600 Lacustrine deposits, formed by Lake Chicago, the enlarged glacial Lake Michigan 


Further information regarding these geological areas is given in connection 
with the general map mentioned above and published in Bulletin 123 (1908). 

Another set of index numbers is assigned to the classes of soils as based 
upon physical composition. The following list contains the names of these 
classes with their corresponding index numbers. 


Index Number Limits Class Names 
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As a convenient means of designating types and their location with respect 
to the geological areas of the state, each type is given a number made up of a 
combination of the index numbers explained above. This number indicates the 
type and the geological area in which it occurs. The geological area is always 
indicated by the digits of the order of hundreds while the remainder of the 
number designates the type. To illustrate: the number 1126 means Brown Silt 
Loam in the early Wisconsin glaciation, 434 means Yellow-Gray Silt Loam of the 
middle Illinoian glaciation. These numbers are especially useful in designating 
very small areas on the map and as a check in reading the colors. 

A complete list of the soil types occurring in each county, along with their 
corresponding type numbers and the area covered by each type, will be found 
in the respective county soil reports in connection with the maps. 
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SOIL SURVEY METHODS 


Mapping of Soil Types—tIn conducting the 
soil survey, the county constitutes the unit of 
working area, The field work is done by parties 
of two to four men each. The field season extends 
from early in April to the last of November. Dur- 
ing the winter months the men are engaged in 
preparing a copy of the soil map to be sent to the 
lithographer, a copy for the use of the county 
farm adviser until the printed map is available, 
and a third eopy for use in the office in order 
to preserve the original official map in good 
condition. 

An accurate base map for field use is necessary 
for soil mapping. These maps are prepared on a 
seale of one inch to the mile, the official. data of 
the original or subsequent land survey being used 
as the basis in their construction. Each surveyor 
is provided with one of these base maps, which 
he carries with him in the field; and the soil 
type boundaries, together with the streams, roads, 
railroads, canals, town sites, and rock and gravel 
quarries are placed in their proper locations upon 
the map while the mapper is on the area. With 
the rapid development in road improvement dur- 
ing the past few years, it is almost inevitable that 
some recently established roads will not appear 
on the published soil map. Similarly, changes in 
other artificial features will occasionally oceur in 
the interim between the preparation of the map 
and its publication. The detail or minimum size of areas which are shown on 
the map varies somewhat, but in general a soil type if less than five acres in 
extent is not shown. 

Sampling for Analysis—After all the soil types of a county have been 
located and mapped, samples representative of the different types are collected 
for chemical analysis. The samples for this purpose are usually taken in three 
depths; namely 0 to 624 inches, 634 to 20 inches, and 20 to 40 inches, as ex- 
plained in connection with the discussion of the analytical data-on page 12. 


Fig. 5.—EXAMINING THE SOIL 
PROFILE 


PRINCIPLES OF SOIL FERTILITY 


Probably no agricultural fact is more generally known by farmers and land- 
vwners than that soils differ in productive power. A fact of equal importance, 
not so generally recognized, is that they also differ in other characteristies such 
as response to fertilizer treatment and to management. 
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The soil is a dynamic, ever-changing, exceedingly complex substance made 
up of organic and inorganic materials and teeming with life in the form of 
micro-organisms. Because of these characteristics, the soil cannot be consid- 
ered as a reservoir into which a given quantity of an element or elements of 
plant food can be poured with the assurance that it will respond with a given 
inerease in crop yield. In a similar manner it cannot be expected to respond 
with perfect uniformity to a given set of management standards. To be pro- 
ductive a soil must be in such condition physically with respect to struc- 
ture and moisture as to encourage root development; and in such condition 
chemically that injurious substances are not present in harmful amounts, that 
a sufficient supply of the elements of plant food become available or usable dur- 
ing the growing season, and that lime materials are present in sufficient abund- 
ance favorable for the growth of the higher plants and of the beneficial micro- 
organisms. Good soil management under humid conditions involves the adop- 
tion of those tillage, cropping, and fertilizer treatment methods which will 
result in profitable and permanent crop production on the soil type concerned. 

The following paragraphs are intended to state in a brief way some of the 
principles of soil management and treatment which are fundamental to profit- 
able and continued productivity. 


CROP REQUIREMENTS WITH RESPECT TO PLANT-FOOD MATERIALS 

At least ten of the chemical elements are known to be essential for the 
growth of the higher plants. These are carbon, hydrogen, oxygen, mtrogen, phos- 
phorus, sulfur, potassium, calcium, magnesium, and iron. Other elements are 
absorbed from the soil by growing plants, including manganese, silicon, sodium, 
aluminum, chlorin, and boron. It is probable that these latter elements are 
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Fie. 6.—ALL Essentian PLANT-Foop ELeMents Must BE PRESENT 

The jars in which these corn plants are growing contain pure sand to 
which have been added various combinations of the essential plant-food 
elements. If a single one of these elements is omitted, the plants cannot 
develop; they die after the small supply stored in the seed becomes 
exhausted. 
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present in plants for the most part, not because they are required, but because 
they are dissolved in the soil water and the plant has no means of preventing 
their entrance. There is some evidence, however, which indicates that certain 
of these elements, notably manganese, silicon, and boron, may be either essential 
but required in only minute quantities, or very beneficial to plant growth under 
certain conditions, even tho not essential. Thus, for example, manganese has 
produced marked increases in crop yields on heavily limed soils. Sodium also 
has been found capable of partially replacing potassium in case of a shortage 
of the latter element. 

Table 5 shows the requirements of some of our most common field crops with 
respect to seven important plant-food elements furnished by the soil. The 
figures show the weight in pounds of the various elements contained in a bushel 


TaBLE 5.—PLANT-Foop ELEMENTS IN COMMON FARM Crops! 


Produce 
. Phos- Potas- | Magne- . 
Nitrogen phorous Sulfur alae pes Calcium} Iron 
Kind Amount 
lbs. lbs. lbs. lbs. lbs. lbs. lbs. 
Wheat, grain...... 1 bu. 1.42 .24 .10 .26 .08 .02 01 
Wheat, straw..... 1 ton 10.00 1.60 2.80 18.00 1.60 3.80 60 
Corn, prains.4i... 1 bu. 1.00 hz 08 .19 07 01 01 
Corn; stover.:.. .- 1 ton 16.00 2.00 2.42 17.33 3.33 7.00 1.60 
Corn cobs: 1.20 =|) Leton 4 OOF" soe 4.00 |... : eee ee 
Oats. erains.. 09... 1 bu. .66 Salih .06 .16 .04 .02 .O1 
Oat straw. >. Laon 12.40 2.00 4.14 20.80 2.80 6.00 1.12 
Clover seed.......} 1 bu. 1:75 .50 Pe 15 125 oe 13 ial bea rete 
Clover hay........ 1 ton 40.00 5.00 3.28 30.00 7.75 | 29.25 1.00 
Soybean seed...... 1 bu. or22 .39 aye 1.26 515 A ol ane ara 
Soybean hay...... 1 ton 43.40 4.74 Hels 35.48 13.84 Pa fea ae ea 
Alfalfa hayes. 4. see 1 ton 52.08 4.76 5.96 16.64 8.00 Q2E26es| see ai 


‘These data are brought together from various sources. Some allowance must be made 
for the exactness of the figures because samples representing the same kind of crop or the 
same kind of material frequently exhibit considerable variation. 


or in a ton, as the case may be. From these data the amount of an element re- 
moved from an acre of land by a crop of a given yield can easily be computed. 


PLANT FOOD SUPPLY 


Of the elements of plant food, three (carbon, oxygen, and hydrogen) are 
secured from air and water, and the others from the soil. Nitrogen, one of the 
elements obtained from the soil by all plants, may also be secured from the air 
by the class of plants known as legumes, in case the amount liberated from the 
soil is insufficient; but even these plants are dependent upon the soil for the 
other elements, and they also utilize the soil nitrogen so far as it becomes soluble 
and available during their period of growth. 

The vast difference with respect to the supply of these essential Peet food 
elements in different soils is well brought out in the data of the Ilinois soil 
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TABLE 6.—PLANT-Foop ELEMENTS IN Manure, RouGcH FEEpDs, AND FERTILIZERS! 


Pounds of plant food per ton 
Material of material 
Nitrogen Phosphorus Potassium 
LI SSV AGE TER TIVO UC eC 10 2 8 
Geta SiGe. oo ch Ae nee 16 2 17 
(OAS ELEGY... 28 jo Ad = eee 12 2 21 
\WASGEYS SST i oy oa oo re 10 2 18 
ohiger IMDSe. . dickies Senge 40 5 30 
(CYSER. TESS. 6 6 oi eve oltre ie 43 5 33 
ENERIGS, Las... co ohn 50 4 24 
Sweet clover (water-free basis)?................. 80 8 28 
iDMAYe| SON |. - A ZU MERA ee eee tsce) = | moma 
FOO CHUMMMMERDINPEMMECAA . ccc kc an a snds oe ee eae eae’ SLO MASA eee as) Oy ol) me watts 
LMectaneeniyred Sls oe a AVON iiMemnett sect) While v case 
ERE WH ECREREMIEMEINET. fo irais Gavec ews ea teedeee esas 80 1380) eee 
Sienna’! Otel 20 250) 4 or |W artes 
REV ORORMMMORUMCC cle. cosy ects ede ew| canes 250 aie 
SH POUOMOMOMNCMNEC Mito oi. ck te tatescn ss wowev| woke 140-420 | ..... 
OLAS MOUOMEETR No ice cutie recnvse ccc «eevee | vee as 850 
Picci Gliyies Se ee ee Ate ML Near w Sais ak 850 
LOEW. on A os | 200 
WWOGGMIeesCUIIEACHEG) icc occ. ce ewes cect ease | wees 10 100 


See footnote to Table 5. *Young second-year growth ready to plow under as green ma- 
nure. ‘Wood ashes also contain about 1,000 pounds of lime (calcium carbonate) per ton. 


survey. For example, it has been found that the nitrogen in the surface 674 
inches, which represents the plowed stratum, varies in amount from 180 pounds 
per acre to more than 35,000 pounds. In like manner the phosphorus content 
varies from about 320 to 4,900 pounds, and the potassium ranges from 1,530 to 
about 58,000 pounds. Similar variations are found in all of the other essential 
plant-food elements of the soil. 

With these facts in mind it is easy to understand how a deficiency of one 
of these elements of plant food may become a limiting factor of crop production. 
When an element becomes so reduced in quantity as to become a limiting factor 
of production, then we must look for some outside source of supply. Table 6 
is presented for the purpose of furnishing information regarding the quantity 
of some of the more important plant-food elements contained in materials most 
commonly used as sources of supply. 


LIBERATION OF PLANT FOOD 


The chemical analysis of the soil gives the invoice of plant-food elements 
actually present in the soil strata sampled and analyzed, but the rate of libera- 
tion is governed by many factors, some of which may be controlled by the farmer, 
_ while others are largely beyond his control. Chief among the important con- 
trollable factors which influence the liberation of plant food are the choice of 
erops to be grown, the use of limestone, and the incorporation of organic matter. 
Tillage, especially plowing, also has a considerable effect in this connection. 
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Feeding Power of Plants——Different species of plants exhibit a very great 
diversity in their ability to obtain plant food directly from the insoluble minerals 
of the soil. As a class, the legumes—especially such biennial and perennial 
legumes as red clover, sweet clover, and alfalfa—are endowed with unusual 
power to assimilate from mineral sources such elements as calcium and phos- 
phorus, converting them into available forms for the crops that follow. For this 
reason it is especially advantageous to employ such legumes in connection with 
the application of limestone and rock phosphate. Thru their growth and subse- 
quent decay large quantities of the mineral elements are liberated for the benefit 
of the cereal crops which follow in the rotation. Moreover, as an effect of the 
deep-rooting habit of these legumes, mineral plant-food elements are brought up 
and rendered available from the vast reservoirs of the lower subsoil. 


Effect of Limestone.—Limestone corrects the acidity of the soil and supplies 
calcium, thus encouraging the development not only of the nitrogen-gathering 
bacteria which live in the nodules on the roots of clover, cowpeas, and other 
legumes, but also the nitrifying bacteria, which have power to transform the 
unavailable organic nitrogen into available nitrate nitrogen. At the same time, 
the products of this decomposition have power to dissolve minerals contained in 
the soil, such as potassium and magnesium compounds. 

Organic Matter and Biological Action—Organic matter may be supplied 
thru animal manures, consisting of the excreta of animals and usually accom- 
panied by more or less stable litter; and by plant manures, including green- 
manure crops and cover crops plowed under, and also crop residues such as 
stalks, straw, and chaff. The rate of decay of organic matter depends largely 
upon its age, condition, and origin, and it may be hastened by tillage. The 
chemical analysis shows correctly the total organic carbon, which constitutes, as a 
rule, but little more than half the organic matter; so that 20,000 pounds of 
organic carbon in the plowed soil of an acre corresponds to nearly 20 tons of 
organic matter. But this organic matter consists largely of the old organic resi- 
dues that have accumulated during the past centuries because they were resistant 
to decay, and 2 tons of clover or cowpeas plowed under may have greater power 
to liberate plant-food materials than 20 tons of old, inactive organic matter. The 
history of the individual farm or field must be depended upon for information 
concerning recent additions of active organic matter, whether in applications of 
farm manure, in legume crops, or in sods of old pastures. 

The condition of the organic matter of the soil is indicated to some extent 
by the ratio of carbon to nitrogen. Fresh organic matter recently incorporated 
with the soil contains a very much higher proportion of carbon to nitrogen than 
do the old resistant organic residues of the soil. The proportion of carbon to 
nitrogen is higher in the surface soil than in the corresponding subsoil, and in 
general this ratio is wider in highly productive soils well charged with active 
organic matter than in very old, worn soils badly in need of active organic matter. 

The organic matter furnishes food for bacteria, and as it decays certain 
decomposition products are formed, including much earbonie acid, some nitrous’ 
acid, and various organic acids, and these acting upon the soil have the power 
to dissolve the essential mineral plant foods, thus furnishing available phos- 
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phates, nitrates, and other salts of potassium, magnesium, calcium, ete., for the 
use of the growing crop. 


Effect of Tillage Tillage, or cultivation, also hastens the liberation of 
plant-food elements by permitting the air to enter the soil. It should be remem- 
bered, however, that tillage is wholly destructive, in that it adds nothing whatever 
to the soil, but always leaves it poorer, so far as plant-food materials are con- 
cerned. Tillage should be practiced so far as is necessary to prepare a suitable 
seed bed for root development and also for the purpose of killing weeds, but more 
than this is unnecessary and unprofitable; and it is much better actually to 
enrich the soil by proper applications of limestone, organic matter, and other 
fertilizing materials, and thus promote soil conditions favorable for vigorous 
plant growth, than to depend upon excessive cultivation to accomplish the same 
object at the expense of the soil. 


PERMANENT SOIL IMPROVEMENT 


According to the kind of soil involved, any comprehensive plan contem- 
plating a permanent system of agriculture will need to take into account some 
of the following considerations. 


The Application of Limestone 


The Function of Limestone—-In considering the application of limestone 
to land it should be understood that this material functions in several different 
ways, and that a beneficial result may therefore be attributable to quite diverse 
causes. Limestone provides calcium, of which certain crops are strong feeders. 
It corrects acidity of the soil, thus making for some crops a much more favorable 
environment as well as establishing conditions absolutely required for some of 
the beneficial legume bacteria. It accelerates nitrification and nitrogen fixation. 
It promotes sanitation of the soil by inhibiting the growth of certain fungous 
diseases, such as corn-root rot. Experience indicates that it modifies either 
directly or indirectly the physical structure of fine-textured soils, frequently to 
their great improvement. Thus, working in one or more of these different ways, 
limestone often becomes the key to the improvement of worn lands. 


How to Ascertain the Need for Limestone.—One of the most reliable indica- 
tions as to whether a soil needs limestone is the character of the growth of 
certain legumes, particularly sweet clover and alfalfa. These crops do not thrive 
in acid soils. Their successful growth, therefore, indicates the lack of sufficient 
acidity in the soil to be harmful. In case of their failure to grow the soil should 
be tested for acidity as described below. A very valuable test for ascertaining 
the need of a soil for limestone is found in the potassium thiocyanate test for soil 
acidity. It is desirable to make the test for carbonates along with the acidity 
test. Limestone is calcium carbonate, while dolomite is the combined carbonates 
of calcium and magnesium. The natural occurrence of these carbonates in the 
soil is sufficient assurance that no limestone is needed, and the acidity test will 
be negative. On lands which have been treated with limestone, however, the 
surface soil may give a positive test for carbonates, owing to the presence of 
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undecomposed pieces of limestone, and at the same time a positive test for acidity 
may be secured. Such a result means either that insufficient limestone has been 
added to neutralize the acidity, or that it has not been in the soil long enough 
to entirely correct the acidity. In making these tests, it is desirable to examine 
samples of soil from different depths, since carbonates may be present, even in 
abundance, below a surface stratum that is acid. Following are the directions 
for making the tests: 

The Potassium Thiocyanate Test for Acidity. This test is made with a 4-percent solu- 
tion of potassium thiocyanate in aleohol—4 grams of potassium thiocyanate in 100 cubic 
centimeters of 95-percent alcohol.t When a small quantity of soil shaken up in a test tube 
with this solution gives a red color the soil is acid and limestone should be applied. If the 
solution remains colorless the soil is not acid. An excess of water interferes with the reac- 
tion. The sample when tested, therefore, should be at least as dry as when the soil is in 


good tillable condition. For a prompt reaction the temperature of the soil and solution 
should be not lower than that of comfortable working conditions (60° to 75° Fahrenheit). 


The Hydrochloric Acid Test for Carbonates. Take a small representative sample of 
soil and pour upon it a few drops of hydrochloric (muriatic) acid, prepared by diluting the 
concentrated acid with an equal volume of water. The presence of limestone or some other 
carbonates will be shown by the appearance of gas bubbles within 2 or 3 minutes, producing 
foaming or effervescence. The absence of carbonates in a soil is not in itself evidence that 
the soil is acid or that limestone should be applied, but it indicates that the confirmatory 
potassium thiocyanate test shouldbe carried out. 

Amounts to Apply.—Acid soils should be treated with limestone whenever 
such application is at all practicable. The initial application varies with the 
degree of acidity and will usually range from 2 to 6 tons an acre. The larger 
amounts will be needed on strongly acid soils, particularly on land being pre- 
pared for alfalfa. When sufficient limestone has been used to establish condi- 
tions favorable to the growth of legumes, no further applications are necessary . 
until the acidity again develops to such an extent as to interfere with the best 
growth of these crops. This will ordinarily be at intervals of several years. In 
the case of an inadequate supply of magnesium in the soil, the occasional use of 
magnesian (dolomitic) limestone would serve to correct this deficiency. Other- 
wise, so far as present knowledge indicates, either form of limestone—high- 
calcium or magnesian—will be equally effective, depending upon the purity and 
fineness of the respective stones. 


Fineness of Material.—The fineness to which limestone is ground is an im- 
portant consideration in its use for soil improvement. Experiments indicate that 
a considerable range in this regard is permissible. Very fine grinding insures 
ready solubility, and thus promptness in action; but the finer the grinding the 
greater is the expense involved. A grinding, therefore, that furnishes not too 
large a proportion of coarser particles along with the finer, similar to that of the 
by-product material on the market, is to be recommended. Altho the exact 
proportions of coarse and fine material cannot be prescribed, it may be said that 
a limestone crushed so that the coarsest fragments will pass thru a sereen of 4 
to 10 meshes to the inch is satisfactory if the total product is used. 


*Since undenatured alcohol is difficult to obtain, some of the denatured alcohols have 
been tested for making this solution. Completely denatured alcohol made over U. 8. 
Formulas No. 1 and No. 4, have been found satisfactory. Some commercial firms are also 
offering other preparations which are satisfactory. 
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The Nitrogen Problem 


The nitrogen problem is one of foremost importance in American agricul- 
ture. There are four reasons for this: nitrogen is becoming increasingly deficient 
in most soils; its cost when purchased on the open market is often prohibitive ; 
it is removed from the soil in large amounts by crops; and it is readily lost from 
soils by leaching. A 50-bushel crop of corn requires about 75 pounds of nitrogen 
for its growth; and the loss of nitrogen from soils by leaching may vary from a 
few pounds to over one hundred pounds an acre in a year, depending upon 
the treatment of the soil, the distribution of rainfall, and the protection af- 
forded by growing crops. 

An inexhaustible supply of nitrogen is present in the air. Above each acre 
of the earth’s surface there are about 69 million pounds of atmospheric nitrogen. 


BACTERIAU 
and 
All but 


Fic. 7.—LEGUMES CAN OBTAIN THEIR NITROGEN FROM THE AIR 


The photograph tells the story of how clover benefits the soil. In the pot at 
the left all the essential plant-food elements, including nitrogen, are supplied. 
In the middle jar all the elements, with the single exception of nitrogen, are pres- 
ent. At the right nitrogen is likewise withheld but the proper bacteria are sup- 
plied which enable the clover to secure nitrogen from the air. 


Leguminous plants such as clover are able, with the aid of certain bacteria, to 
draw upon the inexhaustible supply of air nitrogen, utilizing it in their food 
requirements. In so doing these leguminous plants, thru the decay of their own 
tissues, add to the soil nitrogen that has been taken from the air and transformed 
into food material that can be assimilated by other kinds of crops that follow. 

There are two methods of collecting the inert nitrogen gas of the air and 
combining it into compounds that will furnish products for plant growth. These 
are the chemical and the biological fixation of the atmospheric nitrogen. Farmers 
have at their command one of these methods. By growing inoculated legumes, 
nitrogen may be obtained from the air, and by plowing under more than the roots 
of these legumes, nitrogen may be added to the soil. 

Inasmuch as legumes are worth growing for purposes other than the fixation 
of atmospheric nitrogen, a considerable portion of the nitrogen thus gained may 
be considered a by-product. Because of that fact, it is questionable whether the 
chemical fixation of nitrogen will ever be able to replace the simple method of 
obtaining atmospheric nitrogen by growing inoculated legumes in the production 
of our great grain and forage crops. 
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It may well be kept in mind that the following amounts of nitrogen are re- 
quired for the produce named: 


bushel of oats (grain and straw) requires 1 pound of nitrogen. 

bushel of corn (grain and stalks) requires 144 pounds of nitrogen. 

bushel of wheat (grain and straw) requires 2 pounds of nitrogen. 

ton of timothy contains 24 pounds of nitrogen. 

ton of clover contains 40 pounds of nitrogen. 

ton of cowpea hay contains 43 pounds of nitrogen. 

ton of alfalfa contains 50 pounds of nitrogen. 

ton of average manure contains 10 pounds of nitrogen. 

ton of young sweet clover, at about the stage of growth when it is plowed under as 
green manure, contains on water-free basis, 80 pounds of nitrogen. 


fat fet ek ee ep 


The roots of clover contain about half as much nitrogen as the tops, and the 
roots of cowpeas contain about one-tenth as much as the tops. Soils of mod- 
erate productive power will furnish as much nitrogen to clover (and two or three 
times as much to cowpeas) as will be left in the roots and stubble. In grain 
crops, such as wheat, corn, and oats, about two-thirds of the nitrogen is contained 
in the grain and one-third in the straw or stalks. 


The Phosphorus Problem 


The element phosphorus is an indispensable constituent of every living cell. 
It is intimately connected with the life processes of both plants and animals, the 
nuclear material of the cells being especially rich in this element. 

Different soil types display great variation in phosphorus content. In Illi- 
nois soils a range from 320 to 4,900 pounds an acre has been found in the sur- 
face 624 inches, depending mainly on the origin of the soil. 

The removal of phosphorus by continuous cropping slowly reduces the 
amount of this element available for crop use unless its addition is provided for 
by natural means such as overflow, or by agricultural practices such as the addi- 
tion of phosphatic fertilizers and the use of rotations in which deep-rooting 
leguminous crops are frequently grown. 

It should be borne in mind in connection with the application of phosphate, — 
or of any other fertilizing material, to the soil, that no benefit can result until 
the need for it has become a limiting factor in plant growth. For example, if 
there is already present in the soil sufficient available phosphorus to produce a 
forty-bushel crop, and the nitrogen supply or the moisture supply is sufficient 
for only forty bushels, or less, then extra phosphorus added to the soil cannot 
increase the yield beyond this forty-bushel limit. 

There are several different phosphorus-containing materials that are used 
as fertilizers. The more important of these are rock phosphate, superphosphate, 
bone meal, and basie slag. 


Rock Phosphate.—Rock phosphate is a mineral substance found in vast de- 
posits in certain regions. A good grade of the rock should contain 12 to 15 
percent of the phosphorus element. The rock should be ground to a powder fine 
enough to pass thru a 100-mesh sieve, or even finer. 


Superphosphate.—Superphosphate is produced by treating rock phosphate 
with sulfuric acid. The two are mixed in about equal amounts; the product 
therefore contains about one-half as much phosphorus as the rock phosphate 
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itself. By further processing, different concentrations are produced. The most 
common grades of superphosphate now on the market contain respectively 7, 834, 
and 1014 percent of the element phosphorus, and even more highly concentrated 
products containing as high as 21 percent are to be had. In fertilizer literature 
the term phosphorus is usually expressed as ‘‘phosphorie acid’’ (P,0,) rather 
than the element phosphorus (P), and the chemical relation between the two is 
such as to make the above figures correspond to 16, 20, 24, and 48 percent of 
phosphoric acid respectively. Besides phosphorus, superphosphate also contains 
sulfur, which is likewise an element of plant food. In general, phosphorus in 
superphosphate is considered to be more readily available for absorption by 
plants than that of raw rock phosphate. 


Bone Meal.—Prepared from the bones of animals, bone meal appears on the 
market in two different forms, raw and steamed. Raw bone meal contains, be- 
sides the phosphorus, a considerable percentage of nitrogen. If the material is 
purchased only for the sake of the phosphorus, the cost of the nitrogen repre- 
sents a useless expense. Steamed bone meal is prepared by extracting most of 
the nitrogenous and fatty matter from the bones, thus producing a more nearly 
pure form of calcium phosphate, containing about 10 to 12 percent of the ele- 
ment prosphorus and about 1 percent of the element nitrogen. 


Basic Slag—Basic slag, known also as Thomas phosphate, is another ear- 
rier of phosphorus that might be mentioned because of its considerable usage 
in Europe and eastern United States. Basic slag is a by-product in the manu- 
facture of steel. It contains a considerable proportion of basic material and 
therefore tends to influence the soil reaction in the direction of reducing soil 
acidity. 

Comparative Value of Different Forms of Phosphorus——Obviously the ear- 
rier of phosphorus that gives the most economical returns, considered from all 
standpoints, is the best one to use. Altho this matter has been the subject of 
much discussion and investigation, the question remains unsettled. The fact 
probably is that there is no single carrier that will prove the most economical 
under all circumstances because so much depends upon soil conditions, crops 
grown, length of haul, and market conditions. 

The relative cheapness of raw rock phosphate as compared with the treated 
material, superphosphate, makes it possible to apply for equal money expendi- 
ture considerably more phosphorus per acre in the form of rock than in the 
form of superphosphate, the ratio being, under present market conditions, 
roughly speaking 314 to 1; that is to say, a dollar will purchase about three and 
a half times as much of the phosphorus element in the form of rock phosphate 
as in the form of superphosphate, and this is an important consideration if one 
is interested in building up a phosphorus reserve in the soil. 

Rock phosphate may be applied at any time during a rotation, but it is 
applied to the best advantage either preceding a crop of clover, which plant 
seems to possess an unusual power for assimilating the phosphorus from raw 
phosphate, or else at a time when it can be plowed under with some form of 
organic matter such as animal manure or green manure, the decay of which 
serves to liberate the phosphorus from its insoluble condition in the rock. It is 
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important that the finely ground rock phosphate be intimately mixed with the 
organic material as it is plowed under. 

In using superphosphate or bone meal in a cropping system which includes 
wheat, it is a common practice to apply the material in the preparation of the 
wheat ground. It may be advantageous, however, to divide the total amount 
to be used and apply a portion to the other crops of the rotation, particularly 
to corn and to clover. 


The Potassium Problem 


Our most common soils, the silt loams and clay loams, are well stocked with 
potassium, altho it exists mainly in a very slowly soluble form. Many field ex- 
periments in varidus sections of Illinois during the past twenty-five years have 
shown little or no response to the application of potassium in the production of 
our common grain and hay crops. On the light-colored soils of southern Illinois, 
however, where stable manure has not been employed, potassium has been ap- 
plied with profit, the benefit appearing mainly in the corn crop. 

Peat soils are usually low in potassium content. It has frequently been 
demonstrated in field experiments that the difference between success and failure 
in raising crops on peat land depends on the use of a potash fertilizer. 

Potassium has proved beneficial also on the so-called ‘‘alkali’’ spots oceur- 
ring on certain soil types that are rather high in organic matter, including peat 
and very dark-colored sandy, silt, and clay loams. The potassium salts in this 
case appear to exert a corrective influence over what seems to be an unbalanced 
plant-food condition caused by an excess of nitrate in the soil. 

Potassium fertilizer may be procured in the form of one of the salts, such as 
chlorid, sulfate, or carbonate of potassium, and any of these materials may be 
applied, where needed, at the rate of 50 to 150 pounds an acre, according to the 
method of distribution. For our most common crops about the only basis for 
choosing among these forms is the matter of price, taking into consideration the 
potassium content. Kainit is another substance containing potassium, but it is 
combined with magnesium in the form of a double salt. It is therefore less con- 
centrated than the salts mentioned, and so should be applied in larger quantities. 
An application of about 200 pounds or more of kainit to the acre is suggested. 


The Calcium and Magnesium Problem 


When measured by crop removals of plant-food elements, calcium is often 
more limited in Illinois soils than is potassium, tho magnesium may occasionally 
be the low element. In the case of calcium, however, the deficiency is likely to 
develop more rapidly and become much more marked because this element is 
leached out of the soil in drainage water to a far greater extent than is either 
magnesium or potassium. 

The annual loss of limestone from the soil depends upon a number of factors 
aside from those which have to do with climatic conditions. Among these factors 
may be mentioned the character of the soil, the kind of limestone, its condition 
of fineness, the amount present, and the sort of farming practiced. Because of 
this variation in the loss of lime materials from the soil, it is impossible to pre- 
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scribe a fixed practice in their renewal that will apply universally. The tests for 
acidity and carbonates described above, together with the behavior of such lime- 
loving legumes as alfalfa and sweet clover, will serve as general indicators for the 
frequency of applying limestone and the amount to use on a given field. 

Limestone has a direct value on some soils for the plant food which it 
supplies, in addition to its value in correcting soil acidity and in improving the 
physical condition of the soil. Ordinary limestone (abundant in the southern 
and western parts of Illinois) contains nearly 800 pounds of calcium per ton; 
while a good grade of dolomitie limestone (the more common limestone of north- 
ern Illinois) contains about 400 pounds of calcium and 300 pounds of magnesium 
per ton. Both of these elements are furnished in readily available form in 
ground dolomitic limestone. 


The Sulfur Question 


In considering the relation of sulfur in a permanent system of soil fertility 
it is important to understand something of the cycle of transformations that this 
element undergoes in nature. Briefly stated this is as follows: 

Sulfur exists in the soil in both organic and inorganic forms, the former 
being gradually converted to the latter form thru bacterial action. In this 
inorganic form sulfur is taken up by plants which in their physiological processes 
change it once more into an organic form as a constituent of protein. When 
these plant proteins are consumed by animals, the sulfur becomes a part of the 
animal protein. When these plant and animal proteins are decomposed, either 
thru bacterial action, or thru combustion, as in the burning of coal, the sulfur 
passes into the atmosphere or into the soil solution in the form of sulfur dioxid 
gas. This gas unites with oxygen and water to form sulfuric acid, which is 
readily washed back into the soil by the rain, thus completing the cycle, from 
soil—to plants and animals—to air—to soil. 

In this way sulfur becomes largely a self-renewing element of the soil, altho 
there is a considerable loss from the soil by leaching. Observations taken at the 
Illinois Agricultural Experiment Station show that 40 pounds of sulfur per acre 
are brought into the soil thru the annual rainfall. With a fair stock of sulfur 
such as exists in our common types of soil, and with an annual return, which of 
itself would more than suffice for the needs of maximum crops, the maintenance 
of an adequate sulfur supply presents little reason at present for serious concern. 
There are regions, however, where the natural stock of sulfur in the soil is not 
nearly so high and where the amount returned thru rainfall is small. Under 
such circumstances sulfur soon becomes a limiting element of crop production, 
and it will be necessary sooner or later to introduce this substance from some 
outside source. Investigation is now under way to determine to what extent this 
situation may apply under Illinois conditions. 


Physical Improvement of Soils 
In the management of most soil types, one very important matter, aside from 
proper fertilization, tillage, and drainage, is to keep the soil in good physical 
condition, or good tilth. The constituent most important for this purpose is 
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organic matter. Organic matter in producing good tilth helps to control washing 
of soil on rolling land, raises the temperature of drained soil, increases the 
moisture-holding capacity of the soil, slightly retards capillary rise and conse- 
quently loss of moisture by surface evaporation, and helps to overcome the 
tendency of some soils to run together badly. 

The physical effect of organic matter is to produce a granulation or mellow- 
ness, by cementing the fine soil particles into crumbs or grains about as large as 
grains of sand, which produces a condition very favorable for tillage percolation 
of rainfall, and the development of plant roots. 

Organic matter is undergoing destruction during a large part of the year 
and the nitrates produced in its decomposition are used for plant growth. Altho 
this decomposition is necessary, it nevertheless reduces the amount of organic 
matter, and provision must therefore be made for maintaining the supply. The 
practical way to do this is to turn under the farm manure, straw, cornstalks, 
weeds, and all or part of the legumes produced on the farm. The amount of 
legumes needed depends upon the character of the soil. There are farms, espe- 
cially grain farms, in nearly every community where all legumes could be turned 
under for several years to good advantage. 

Manure should be spread upon the land as soon as possible after it is pro- 
duced for if it is allowed to lie in the barnyard several months as is so often the 
case, from one-third to two-thirds of the organic matter will be lost. 

As a general principle, straw and cornstalks should be turned under, and 
not burned. Corn-borer control, however, may demand unusual measures, even 
to the burning of the stalks. There also is considerable evidence indicating that 
on some soils undecomposed straw applied in excessive amount may be detri- 
mental. Probably the best practice is to apply the straw as a constituent of 
well-rotted stable manure. Perhaps no form of organic matter acts more bene- 
ficially in producing good tilth than cornstalks. It is true, they decay rather 
slowly, but it is also true that their durability in the soil is exactly what is 
needed in the production of good tilth. Furthermore, the nitrogen in a ton of 
cornstalks is one and one-half times that of a ton of manure, and a ton of dry 
cornstalks incorporated in the soil will ultimately furnish as much humus as 
four tons of average farm manure. When burned, however, both the humus- 
making material and the nitrogen are lost to the soil. 

It is a common practice in the corn belt to pasture the cornstalks during 
the winter and often rather late in the spring after the frost is out of the ground. 
This trampling by stock sometimes puts the soil in bad condition for working. 
It becomes partially puddled and will be cloddy as a result. If tramped too late 
in the spring, the natural agencies of freezing and thawing and wetting and 
drying, with the aid of ordinary tillage, fail to produce good tilth before the 
crop is planted. Whether the crop be corn or oats, it necessarily suffers and if 
the season is dry, much damage may be done. If the field is put in corn, a poor 
stand is likely to result, and if put in oats, the soil is so compact as to be un- 
favorable for their growth. Sometimes the soil is worked when too wet. This 


also produces a partial puddling which is unfavorable to physi chemical, and 
biological processes. 
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Systems of Crop Rotation 


In a program of permanent soil improvement one should adopt at the outset 
a good rotation of crops, including, for the reasons discussed above, a liberal 
use of legumes. No one can say in advance, for every particular case, what crop 
rotation will prove best, because of variation in farms and farmers and in prices 
for produce. As a general principle the shorter rotations, with the frequent in- 
troduction of leguminous crops, are the best adapted for building up poor soils. 

Following are a few suggested rotations which may serve as models or out- 
lines to be modified according to special circumstances. 


Six-Year Rotations 


First Year —Corn 

Second year—Corn 

Third year —Wheat or oats (with clover) 
Fourth year—Clover 

Fifth Year —Wheat (with clover) 

Siath Year —Clover, or clover and grass 


In grain farming, with small grain grown the third and fifth years, most 
of the unsalable products should be returned to the soil, and the clover may be 
clipped and left on the land or returned after threshing out the seed; or, in 
livestock farming, the field may be used three years for timothy and clover 
pasture and meadow if desired. 

The two following rotations are suggested as especially adapted for com- 
bating the corn borer: 


First year —Corn First year —Corn 

Second year —Soybeans Second year —Soybeans 

Third year —Small grain (with legume) Third year —Small grain (with legume) 
Fourth year —Legume Fourth year —Legume 

Fifth year —Corn (for silage) Fifth year -—Wheat (with alfalfa) 
Sixth year —Wheat (with sweet clover) Siath year —Alfalfa 


‘The first system mentioned above may be reduced to a five-year rotation by 
cutting out either the second or the sixth year, and to a four-year system by 
omitting the fifth and sixth years, as indicated below. 


Five-Year Rotations 


First year —Corn First year —Corn 
Second year —Wheat or oats (with clover) Second year —Soybeans 
Third year —Clover Third year —Corn 
Fourth year —Wheat (with clover) Fourth year —Wheat (with legume) 
Fifth year —Clover Fifth year —Legume 
First year —Corn 


Second year —Cowpeas or soybeans 
Third year —Wheat (with clover) 
Fourth year —Clover 

Fifth year —Wheat (with clover) 


The last rotation mentioned above allows legumes to be grown four times. 
Alfalfa may be grown on a sixth field rotating over all fields if moved every 
six years. 
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Four-Year Rotations 


First year —Corn First year —Corn 

Second year —Wheat or oats (with clover) Second year —Corn 

Third year —Clover Third year —Wheat or oats \(with clover) 
Fourth year —Wheat (with clover) Fourth year —Clover 
First year —Corn First year -——Wheat (with clover) 

Second year —Cowpeas or soybeans Second year —Clover 

Third year —Wheat (with clover) Third year —Corn 

Fourth year —Clover Fourth year —Oats (with clover) 


Alfalfa may be grown on a fifth field for four or eight years, which is to be 
alternated with one of the four; or the alfalfa may be moved every five years, 
and thus rotated over all five fields every twenty-five years. 


Three-Year Rotations 


First year —Corn First year —Wheat or oats (with clover) 
Second year —Oats or wheat (with clover) Second year —Corn 
Third year —Clover Third year —Cowpeas or soybeans 


By allowing the clover, in the last rotation mentioned, to grow in the spring 
before preparing the land for.corn, we have provided a system in which legumes 


grow on every acre every year. This is likewise true of the following suggested 
two-year system: 


Two-Year Rotations 


First year —Oats or wheat (with sweet clover) 
Second year —Corn 


Altho in this two-year rotation either oats or wheat is suggested, as a matter 
of fact, by dividing the land devoted to small grain, both of these crops can be 
grown simultaneously, thus providing a three-crop system in a two-year cycle. 

It should be understood that in all of the above suggested cropping systems 
it may be desirable in some cases to substitute barley or rye for the oats or wheat. 
Or, in some eases, it may become desirable to divide the acreage of small grain 
and grow in the same year more than one kind. In all of these proposed rota- 
tions the word clover is used in a general sense to designate either red clover, 
alsike clover, or sweet clover, or it may include alfalfa used as a biennial. The 
mixing of alfalfa with clover seed for a legume crop is a recommendable prac- 
tice. In connection with livestock production it may be desirable to mix grass 
with the clover for pasture or hay. The value of sweet clover, especially as a 
green manure for building up depleted soils, as well as a pasture and hay-crop, 
is becoming thoroly established, and its importance in a crop-rotation program 
may well be emphasized. 


SUPPLEMENT: EXPERIMENT FIELD DATA 


(Results from Experiment Fields on Soil Types Similar to Those Occurring in 
Edwards County) 


The University of Illinois has conducted altogether about fifty soil experi- 
ment fields in different sections of the state and on various soil types. Altho 
some of these fields have been discontinued, the majority are still in operation. 
It is the present purpose to report the summarized results from certain of these 
fields located on soil types described in the accompanying soil report. 

A few general explanations at this point, which apply to all the fields, will 
relieve the necessity of numerous repetitions in the following pages. 


Size and Arrangement of Fields 


The soil experiment fields vary in size from less than two acres up to forty 
acres or more. They are laid off into series of plots, the plots commonly being 
either one-fifth or one-tenth acre in area. Each series is occupied by one kind 
of crop. Usually there are several series so that a crop rotation can be carried 
on with each crop represented every year. 


Farming Systems 


On most of the fields the treatment provides for two distinct systems of 
farming, livestock farming and grain farming. 

In the livestock system, stable manure is used to furnish organic matter and 
nitrogen. The amount applied to a plot is based upon the amount that can be 
produced from crops raised on that plot. 

In the grain system no animal manure is used. The organic matter and 
nitrogen are applied in the form of plant manures, including the plant residues 
produced, such as cornstalks, straw from wheat, oats, clover, ete., along with 
leguminous catch crops plowed under. It was the plan in this latter system to 
remove from the land, in the main, only the grain and seed produced, except in 
the case of alfalfa, that crop being harvested for hay the same as in the livestock 
system but certain modifications have been introduced in recent years, as ex- 
plained in the descriptions of the respective fields. 


Crop Rotations 


Crops which are of interest in the respective localities are grown in definite 
rotations. The most common rotation used is wheat, corn, oats, and clover; 
and often these crops are accompanied by alfalfa growing on a fifth series. In 
the grain system a legume catch crop, usually sweet clover, is included, which 
is seeded on the young wheat in the spring and plowed under in the following 
spring in preparation for corn. If the red clover crop fails, soybeans are 
substituted. 

51 
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Soil Treatment 


The treatment applied to the plots at the beginning was usually standardized 
according to a rather definite system. With advancing experience, however, 
new problems arose calling for new experiments, so that on most of the fields 
plots have been divided and a portion given over to new systems of treatment, 
at the same time maintaining the original system essentially unchanged from 
the beginning. 

Following is a brief explanation of this standard system of treatment. 

Animal Manures—Animal manures, consisting of excreta from animals, with 
stable litter, are spread upon the respective plots in amounts proportionate to 
previous crop yields, the applications being made in the preparation for corn. 

Plant Manures.—Crop residues produced on the land, such as stalks, straw, 
and chaff, are returned to the soil, and in addition a green-manure crop of sweet 
clover is seeded in small grains to be plowed under in preparation for corn. (On 
plots where limestone is lacking the sweet clover seldom survives.) This prac- 
tice is designated as the residues system. 

Mineral Manures.—Limestone has usually been applied at the rate of 4 tons 
an acre as an initial application, and 2 tons an acre every four years thereafter 
until a considerable excess has accumulated in the soil. Rock phosphate has 
been applied at the rate of one ton an acre at the beginning, followed by an 
annual acre-rate of 500 pounds applied once in the rotation until a considerable 
excess has accumulated. Potassium has been applied usually in the form of 200 
pounds of kainit a year. When kainit was not available, owing to conditions 
brought on by the World War, potassium carbonate was used. 


Explanation of Symbols Used 


0 = Untreated land or check plots 

M = Manure (animal) 

R = Residues (from crops, and includes legumes used as green manure) 

L = Limestone 

P = Phosphorus, in the form of rock phosphate unless otherwise designated, 

(sP— superphosphate, bP—= bone meal, rP— rock phosphate, s|P— slag 

phosphate) 

K = Potassium (usually in the form of kainit) 

() = Parentheses enclosing figures, signifying tons of hay, as distinguished 


from bushels of seed 


THE WEST SALEM FIELD 


A University soils experiment field is located in Edwards county about a 
mile west of West Salem. It includes 24 acres of the loessial and drift soils 
characteristic of the region. A diagram showing the arrangement of the plots 
is presented in Fig. 8. By means of contour lines, the topography, or slope 
of the land, is also charted on this diagram. It will be observed that in some 
parts of the field the land is comparatively level while in other parts it is some- 
what rolling and has a tendency to wash. 


1930] EDWARDS COUNTY 53 


we 


\ 


N 
= 


eo 


WIGZ 


Fig. 8—DIAGRAM OF THE WEST SALEM Som EXPERIMENT FIELD 

This diagram shows the arrangement of plots, the soil treatments applied and, by means 
of contour lines, the natural drainage. 

With this variation in the slope of the land it is natural that there would 
be some corresponding variation in soil type. The predominating types on 
the field are as follows: Gray Silt Loam On Tight Clay and Yellow-Gray Silt 
Loam On Tight Clay on the more or less flat-lying portions; Gray Silt Loam 
On Orange-Mottled Tight Clay and Yellow-Gray Silt Loam On Compact Medium 
Plastie Clay on the gently rolling areas. 
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This field has been in operation since 1912 and the experiments as conducted 
at present may be described under three general headings: the Major Series, 
the Minor Series, and the Small Plots. her)» 


The Major Series 


In order to avoid some of the irregularities in the lay of the land, the five 
groups of plots numbered in the 100, 200, 300, 400, and 500 series and constitut- 
ing the major series, are distributed over the field in the somewhat irregular 
fashion shown on the diagram (Fig. 8). Each plot is one-fifth acre in size and 
there are either 9 or 10 plots in a series. These series are under a crop rotation 
of corn, soybeans, oats, clover, and wheat. Alsike clover was used until 1920, 
when sweet clover was substituted, but in 1929 another change was made, the 
sweet clover being replaced by a timothy-clover mixture. 

The soil treatment on these plots follows, in the main, the somewhat stand- 
ard system described on page 52. An important exception, however, is in the 
limestone treatment on Plots 2, 5, and 6 which, thru mistake, received the initial 
application of 4 tons of limestone per acre the same as the regular limestone plots. 
No more limestone, however, has been added to these plots since this first applica- 
tion in 1912, while the limestone plots proper received their regular periodic 
applications until 1923. 

The rock-phosphate applications were likewise discontinued in 1923, after 
the phosphate plots had received a total of 4 tons an acre. The practice of re- 
turning the wheat straw to the land was dropped in 1924. 

Since the results from the West Salem field should be of particular interest 
in Edwards county, a complete record of all crops grown is included in this 
Report. The crop yields for every year since the beginning of the experiments 
on the major series are recorded in Table 7. A summary of these results, show- 
ing the average annual yields for the different kinds of crops, including the 
years since the complete soil treatments have been in effect, will be found in 
Table 8. The lower part of the table brings out the various direct comparisons 
between treatments. ie 

In looking over these results one observes first the naturally low plane of 
productiveness of this land. About 8 bushels of corn, less than 2 bushels of 
wheat, and absolutely no clover represent the production on an acre of un- 
treated soil, as shown in the results of Plot 1. 

On account of the above-mentioned mistake in applying the limestone, these 
plots afford no test of the effect of organic manures used alone. The effect of 
manure applied periodically in conjunction with the single application of lime- 
stone has proved particularly beneficial to the corn crop, as observed by com- 
paring Plot 2 with Plot 5. A comparison of Plot 6 with Plot 5 shows a beneficial 
effect produced by crop residues altho less marked than that produced by manure. 

Limestone stands out on this land as the prominent agent in soil improve- 
ment. Thru the mistake in applying limestone, as explained above, these ex- 
periments afford an interesting comparison of two kinds of liming treatment : 
one in which only an initial application at the rate of 4 tons per acre was made, 
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TaBLE 8.— WEST SALEM FIELD, Masor Series: Summary or Crop YIELDS 
Average Annual Yields 1913-1929—Bushels or (tons) per acre 


Serial ; Corn Oats Wheat |Soybeans| Legume| Sweet | Stubble 
plot Soil So hay? clover | clover 
No. JS 17 crops | 16 crops | 14 crops | 15 crops | 7 crops | 7 crops | 2 crops 
URS. oct cht So 12.4 10.7 4.1 Gal ( .29) 4 lle (Gomes) 
2 M(L)?. Dilek 24.6 10.7 10.4 ( .66) 1.29 Gall) 
3 leche ad Coe 31.4 28.0 14.3 11.2 Gs) 2.60 ( .40) 
4 IM (2) 900 eee 34.2 31.8 19.6 12.2 (1.15) 2.13 ( .47) 
5 IDS 53h ee 15.2 17.4 16d 6.1 ( .52) 48 ( .08) 
6 IS CUR: Ob Seon eee 21.4 19.7 9.4 ies ( .63) 215 ( .18) 
7 iL. 50.5 55S eee 24.1 26.6 12.8 9.3 ( .83) 2.23 ( .48) 
8 OP 30.6 32.5 19.7 11.5 (1.14) 2.28 ( .67) 
9 TUOIE 38.3 35.4 23.8 12.9 (1.46) 2.78 ( .90) 
Crop Increases 

M(L) over (L)...... 12.5 U2 oe 4.3 ( .14) 81 ( .02) 

R(L) over (L)....... 6.2 2.3 9 ee (eeahy) 20 elo) 

(i) O32) ae 228 (6x 4 3.4 0 ( 228) .29 ( .08) 

ML over M(L)...... Set 3.4 3.6 8 ( 215) iol ( .30) 

RL over R(L)....... PY 6.9 3.4 15 ( .20) 1.48 ( .30) 

MLP over ML...... 2.8 3.8 5.3 il (8) ( .34) | —.47 ( .07) 
RUPover RL... .... 6.5 5.9 6.9 2.2 ( .31) .05 ( .19) 
RLPK over RLP.... Mon 2.9 4.1 1.4 ( .32) .50 ( .23) 


1Parentheses enclosing the letter L indicate one application of limestone only. *Including 
some seed crops evaluated as hay. 


and the other in which the regular periodic applications were continued for 
twelve years, during which time an average of 814 tons an acre has been applied. 
These two liming treatments are indicated in the tables by the use of the symbol 
L for the regular repeated applications and (lL) for the single application. 

The single treatment of limestone has produced an annual increase of 6.6 
bushels of corn an acre, nearly 11 bushels of oats, about 5 bushels of wheat, and 
about 1% ton of hay, over the untreated land. 

Of great practical concern is the lasting effect of limestone, and in this con- 
nection some interesting data are furnished by comparing the crops produced 
year by year from the single treatment with those produced by the continued 
application. The figures shown in Table 9 furnish such a comparison. The 
data include the results of both livestock and grain systems of farming reduced 
to terms of increase in value per acre of crop yields. 

During the first nine years after the single 4-ton application there was a 
constantly increasing response to the treatment, after which time the beneficial 
effect gradually diminished. Also, during the first few years the continued 
applications showed little or no advantage over the single treatment, but as the 
effect of the single treatment began to decline, the advantage of the continued 
applications came more and more in evidence. Thus it appears that under the 
conditions of this experiment a single 4-ton application of limestone was fully 
as effective as the continued liming treatment for a period of at least nine years. 

Regarding the response to rock phosphate on this field it may be said that, 
considering the cost of material, the gains from its use in the manure system have 
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TABLE 9,.—CoMPARISON BETWEEN A SINGLE AND REPEATED APPLICATIONS OF LIMESTONE 
West Salem Field 1912-1929 


, 
Value of crop increases for 


Value of crop increases repeated applications of 
‘vain for a single application limestone 
of limestone! 
Livestock system| Grain system 

TOT RAY crash wel Bcaerecers nee $— .31 $— .52 $— .28 
LOLS ie nies Poem aire Sis regen eee 1.14 1.07 1.34 
Io i: eee Pe REM es eyes € 1.23 1.16 1.27 
OUD fo ceye of hesstarteeecl eae eee 1.43 1.02 1.55 
TO TG son fe tee wz cpr 2 oss Cpe 1.85 1.60 2.07 
DO Zi meter cacao ot Monte eee 2.66 2.65 2.95 
LOLS As AS, Aree es ie. eS 3.39 3.39 3.92 
VQ es ce eve: Gece sake eee eee 3.86 4.11 4.67 
NO20 I yas, fein Seed Tienes ee 3.89 4.75 4.44 
OD Te cep czeustarsaaty Got regs aera ee 2.76 3.82 4.05 
OD Dee toc ctlts cio ers ie! oc aera 2.76 3.48 4.62 
LOBE a fines. Sl pacetciene ees 2.82 4.93 4.61 
DO DAs ce besa aa aie ou Abeeer aes A ene 2.60 6.48 6.31 
LOS eo 48 Ae idence. eee eee 1.72 5.96 6.55 
LOZO Sie. pi sran 6 Peeve eee eee .93 6.06 6.72 
NOG i hth c+ oe ce ete ener 54 Bent 6.44 
bee amine fais Ak. Avcee 49 6.09 4.33 
tS VA) Ee Rs CS ct Fa, 97 Dae 6.23 


1Crop values used were as follows: corn, 50 cents; oats, 30 cents; wheat $1.00; soybeans,$1.00 
a bushel; and hay $10 a ton. 


been scarcely sufficient to pay the expense. In the residues system, however, 
phosphate used in connection with residues and limestone has given profitable 
returns. 

Used in combination with residues, lime, and phosphate, the potassium com- 
pound has produced profitable increases in crop yield, the beneficial effect being 
greatest on the corn crop. 


The Minor Series 


Plots A, B, C, D, E, and F, constituting the minor series, differ in shape and 
size from the regular plots, as indicated on the diagram in Fig. 8. In the earlier 
years these plots were used for a five-year rotation of potatoes, corn, soybeans, 
wheat, and sweet clover, with alfalfa on the sixth plot for a period of six years, 
after which it was shifted. These plots received manure, limestone, rock phos- 
phate, and kainit. In 1921 the rotation was divided into two three-year rota- 
tions. On Plots A, B, and C a rotation of wheat and sweet clover on two plots, 
with a mixture of timothy, alsike, and red clover on the third plot for a period 
of three years, was used. On Plots D, E, and F a rotation was planned con- 
sisting of corn, wheat (with sweet clover) on two plots, while the hay mixture 
mentioned above was grown on the third plot for three years. Each plot is 
divided and one part receives manure, phosphate, and potassium while the re- 
mainder receives limestone in addition to this combination. 

The annual acre-yields are recorded in detail in Table 10 and these results 
are summarized in Table 11. The results for the limestone treatment confirm 
those of the major series in showing the beneficial effect of this material. 
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Taste 11—WEST SALEM FIELD, Minor Puots: Summary or Crop YIELDS 
Average Annual Yields 1921-1929—Bushels or (tons) per acre 


Plots A, B, C Plots D, E, F 
Rotation: wheat, sweet clover, Rotation: wheat (with sweet clover), corn, 
mixed hay mixed hay 


Soil treatment applied 


Wheat | Sweet | Stubble | Mixed | Wheat Corn Soy- Stubble | Mixed 
clover clover hay beans clover hay 
8 crops | 9 crops | 2 crops | 9 crops | 8 crops | 9 crops lcrop | 2crops | 8 crops 


5.3 (1.25) | (1.55) | (1.71) 
0.8 ( .69) | ( .25) | ( .60) 


AVE EGS costasotye chee aiets' ative vA ays 1.83 (OReio) (1.95) 20.4 3 
IVER shere sie el Gertrarelnye sare ate LOvia - 26 ( .40) ( .52) 11.5 2 


Crop Increases 


MLPK over MPK......... 11.0 1.57 | (1.37) | (1.43) | 8.9 14.5 | ( 56) | (1.30) | Cie 11) 


The Small Plots 


In 1929 certain new lines of work of more intensive nature were started on 
the West Salem field, for which purpose two sets of small plots were laid out. 
One set, located on old Plot 110, is given over to a study of the relation between 
soil reaction and the availability of phosphorus in rock phosphate. The other 
set of small plots is located along the edge of the north border and is to be de- 
voted to a study of the effect of sodium nitrate applied as a top dressing to 
wheat. Since this small-plot work has just been initiated, no results have yet 
been obtained. 


THE RALEIGH FIELD 


Two series of plots on the Raleigh experiment field located in Saline county 
are fairly representative of Yellow-Gray Silt Loam On Tight Clay as it occurs 
in Edwards county. The results of Series 200 and 300 on this field are therefore 
presented here. 

The layout and soil treatments on these series of plots are in accordance 
with the standard plan described above (page 52). The cropping program has 
included wheat, corn, oats, and a legume in rotation, the legume being either soy- 
beans, clover, or a clover-timothy mixture. A summary ef the results in form 
of the average annual yields is given in Table 12. 

The figures show some increases for the use of manure, but very little benefit 
from residues alone. Limestone used either with manure or with residues has 
produced very substantial gains. Rock phosphate in combination with organic 
manure and limestone has produced in general small inereases in all crops, but 
the gains are by far too small to cover the cost of material. 

Potassium applied in the form of kainit has produced a 3-bushel merease 
in wheat and more than a 7-bushel increase in corn, but the effect on other crops 
is not significant. These results suggest the possibility of reducing the amount 
of kainit used to about one-half the present quantity, thereby reducing the ex- 
pense. It might be that such a modification of the practice would result in 
profitable returns for the use of potassium on this soil. 
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Fic. 9.—CorN ON THE RALEIGH FIELD 


At the right no treatment has been applied; at the left, manure, limestone, and phos- 
phate have been applied, the major effect being produced by limestone and manure. 


Fig. 10.—Corn ON THE RALEIGH FIELD 


The treatment here is the same as that shown in Fig. 9 except that no manure is used, the 
organic matter being supplied by crop residues, including stalks, straw, and legumes plowed 
under. 
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Taste 12.—RALEIGH FIELD, Srrizs 200 anp 300: Summary or Crop YIELDS 
Average Annual Yields 1912-1929—Bushels or (tons) per acre 


Serial : Wheat Corn Oats Soybeans | Mixed 
plot Soil treatment hay 

No. 6 crops 10 crops 10 crops 6 crops 2 crops 
1 ERR iti) oo ois Sedat 2.2 11.4 10.1 ( .64) (ime) 
2 Mi ois Sprates ois) ER or 4.5 23.4 15.6 ( .83) ( .06) 
S. AVAIL. +... eee aneneea rte 12.8 40.0 26.3 (1.29) ( .60) 
4 IMP. « olsticeiucne. seeeer nets 14.6 41.9 25.9 (1.42) ( .68) 
EAT) OR) MOOI Cre Regt ils-he nicl ae 2.6 12.2 10.6 ( .46) OR 5) 

Al is AO AR Osi ere Gore Gaia 3.9 16.4 13.5 (264) i) 

fl Ribot puesta veer eae 10.0 34.8 23.9 (1.00) ( .18) 
8 RLP s non wc cleree tie eres 11.5 39.9 26.4 (1.12) ( .32) 
Os RPK ere RP 14.5 47.3 27.3 (1.21) ( .60) 
10 One. aa i ee eG eee 4.5 19.7 14.0 ( .83) ( .06) 

Crop Increases 

M“over.O)c vicoeeeecae eee FA 12.0 Deo ( .19) |—( .07) 

R over 0.25 csp ce eee 1.3 4.2 2.9 ( .05) GOD) 

ML over VG eaee eens 8.3 16.6 10.7 ( .46) ( .54) 
Riovergh. eer 6.1 18.4 10.4 ( .49) ( .18) 

MLP over Mie ee ee 1.8 1.9 — 4 ( .13) ( .08) 
RLPiover Rie ae eee 1.5 eal 225 ( 212) Ge 14) 
REPKE over eae eee 320 7.4 9 ( .09) ( .28) 


THE SPARTA FIELD 


Field experiments on soil representative of the type Light Gray Silt Loam 
On Tight Clay have been conducted on the Sparta field. This field, which was 
established in 1916, is located in Randolph county at the north edge of the 
town of Sparta. For the present purpose the discussion will be confined to the 
plots of Series 200, 300, and 400. 

These plots are under a crop rotation of corn, soybeans, wheat, and clover, 
chiefly sweet clover. Formerly cowpeas were sown in the corn as a cover crop 
on the residues plots, but this practice has been abandoned as unprofitable. The 
soil treatments are as indicated in the accompanying table, and they have been 
applied in the manner previously described, page 52, with the exception that 
the initial application of limestone was at the rate of 5 tons an acre instead of 
4 tons. A summary of the average annual yields of the respective crops, includ- 
ing the years since the complete plot treatments have been in effect, are given 
in Table 13. 

The low yields on the untreated plots testify to the natural poverty of this 
soil, altho this particular piece of land, on account of its favorable location with 
respect to drainage, is regarded as rather more productive than the general run 
of the type that it represents. Neither manure alone nor residues alone has much 
effect in improving crop yields. A sharp increase, however, follows the applica- 
tion of limestone used either with manure or with residues. Without limestone, 
clover refuses to grow; with limestone, fair crops of clover have been obtained. 
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Taste 13.—SPARTA FIELD, Suries 200, 300, 400: Summary or Crop Yreups 
Average Annual Yields 1917-1929—Bushels or (tons) per acre 


Corn Soybeans Wheat Oats Clover 
10 crops 10 crops 8 crops 1 crop 1 crop 
17.3 5.9 S50 24.4 (058) 
22.4 y er 6.6 21.9 COR 
32.7 14.6 15.9 39.1 (2.06) 
34.9 14.8 16st 40.0 (1.75) 
13.0 3.9 4.9 8.1 GU) 
18.6 5.1 5.0 16.9 Oaa) 
26.5 12.8 bet 34.4 (1.59) 
26.1 13.3 16.2 32.5 (1.72) 
33.4 14.2 16.6 34.7 (2.74) 
has} 3.7 3.9 15.0 C0) 

Crop Increases 
Wo So 5.1 LS 2.9 —2.5 COUR) 
ISO 5.6 L.2 ail 8.8 (Ome) 
DAMPOGEPING occ ce 10.3 6.9 9.3 LS (2.06) 
LoL) Vo 7.9 Cen. 10.1 Ay (oss (1.59) 
Naar ever Ml............-. 2:2 2 8 9 —( .31) 
Per Over RG ccs. s ee] — 4 5 ek —1.9 (03) 
PME OOURE BUDE. wc... 3s Y.3 9 + 2.2 (1.02) 


Rock phosphate has produced no significant effect whether used with manure 
or with residues. Potassium seems to have been of some benefit to the corn and 
clover. It is possible that the application of smaller quantities of potassium di- 
rectly to these crops would prove a more economical way to use potassium 
fertilizer on this soil. 

On the whole the experimental results on the Sparta field are similar to 
those of the Raleigh field in showing a very positive need for limestone and 
organie matter, with the possibility of a profitable response from potassium 
fertilizer if used in moderate quantity. 

It should be observed that altho a very decided response to proper soil 
treatment is manifested, amounting to several hundred percent increase in yield, 
yet under the best treatment the general plane of production is relatively low. 
These experimental results are valuable in indicating principles, but it is easy 
to perceive that if farming on this land is to be made profitable, other systems 
of management than the cropping system of these experiments must be employed. 
Such systems would include the raising of some livestock and perhaps the in- 
troduction of certain crop specialties. 


THE ENFIELD FIELD 


As representing the soil type Yellow-Gray Silt Loam On Medium Plastic 
Clay, results from experiments of certain plots on the Enfield field are intro- 
duced. This field is located in White county about a mile east of Enfield and 
has been in operation since 1912, The somewhat standard cropping system and 
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Taste 14—ENFIELD FIELD, Serres 100: Summary or Crop YIELDS 
Average Annual Yields 1915-1929—Bushels or (tons) per acre 


Serial Wheat | Corn Oats | Soybeans | \Sweet Mixed 
plot Soil treatment clover hay 
No, 3 crops | 4 crops | 4 crops 1 crop 1 crop 2 crops 
(MN PR og Bad 14.8.9) ALS ( .99): | ae es 07) 
2 PPR rt sac oxic 8.6 25.6 18.2 (1.14) CO): ( .45) 
3 | ILLS. ac eta een eee eee 16.7 33.9 33.6 (1.62) (ES) (2.01) 
4 ML Pmt ce em cae 20.7 36.1 34.7 (1.96) (Saa5) (2.23) 
5 iiss bv cree te hee aoe 8.3 14.6 10.8 ( .50) (20Re) (ere) 
6 Risieceve oii eat eee ae 8.6 18.6 10.7 ( .50) (0 ) ( .22) 
7 RDO yess eae oe 19.9 28.5 28.7 (1.35) (50) (1.55) 
8 RP cece Soren 23.5 30.7 32.5 (1.56) ( .58) (12375) 
9 RLPK 25.9 39.0 39.0 (1.50) ( .67) (2.23) 
ROPE Oo ho a= Pre Ree rota ee ors 10.8 20.8 12.0 (1.22) (Oss) . 30) 
Crop Increases 

M over Oui40 4 cae 3.9 | 118 6.4 ( .15).)) ee ees) 

Ri Over On< ee ase eee 3 4.0 |-— .1 (sO) (0 ) |—( .05) 

ML over Ml. : J. vate 8.1 eee pe Gee! ( .48) | (.75) | (1.56) 

RL over Renee tie3 9.9 18.0 ( .85) ( .50) (1.33) 
MLP over Mii cor nse 4.0 2.2 ala ( .34) 10 ae) ( £22) 

REP overlie 3.6 Oar 3.8 ( 421) ( .08) ( .20) 
RUEPICovershibe saeeene 2.4 8.3 6.5 |—( .06) ( .09) ( .48) 


soil-treatment methods described on page 52 were established on Series 100, 
200, 300, and 400. On account of some variation in soil type, however, only 
Series 100 will be considered for the present purpose. 

The crops grown have been wheat, corn, oats, soybeans, sweet clover, and 
mixed hay. The annual average yields for the various soil treatments are set 
forth in Table 14. 

According to these data there is considerable response to stable manure even 
where used alone. There is, however, very little response to residues where used 
without supplementary treatment. Limestone is highly effective used either 
with manure or with residues. 

Rock phosphate has produced some increases in nearly all crops in both 
manure and residues systems, but these gains are scarcely sufficient in either 
system to render the use of this material remunerative. Kainit has made a 
fairly good record, particularly in the corn and hay yields. In fact these re- 
sults seem to justify the recommendation of a trial of some form of potassium 
fertilizer used in moderate quantity along with limestone and organic manure 
on this soil type. 


THE ELIZABETHTOWN FIELD 


A description of the soil of the Elizabethtown field corresponds closely to 
that of the Reddish Yellow-Gray Silt Loam and the Reddish Yellow Silt Loam 
found on much of the rolling and hilly land in Edwards county. The results of 
experiments on this field, therefore, should be of interest in connection with 
the management of these and closely related soil types. 
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TasLe 15.—ELIZABETHTOWN FIELD, Masor Srrizs: SumMARY or Crop YIELDS 
Average Annual Yields 1919-1929—Bushels or (tons) per acre 


> 


Serial ; Wheat Corn Soybeans Sweet Mixed 
plot Soil treatment clover hay 
No. 16 crops 11 crops 4 crops 3 crops 6 crops 

1 ey sé coc 5b CC eee 6.5 19.0 4.7 0 (as) 
2 IM. 4. Se eee ee 6.5 18.2 4.1 0 mn Gareroes)) 
3 IMG ooo ene 12.3 34.2 6.2 2.01 (1.30) 
ET CCR oe SA 16.1 40.2 7.8 3.02 (1.81) 
5 (ee. Ae te eee 3.9 11.6 2.7 0 (oe We) 
6 Io os ocho ese 4.] 15.4 2.9 0 ( .26) 
(MO GRID.. oo oe ee 9.5 Bee a8) 2.32 (1.10) 
SR ARUIE). 0. OA 1591. 44.0 7.2 2.67 (1.70) 
9 1UbIE. . | a 16.5 43.6 6.9 2.62 (2.12) 
10 Qo 0.5 SCE See ene 6.8 21.8 4.4 Gets) 


Crop Increases 


ML CNS? 2.6 6.6 1.4 0 ( .16) 
Uae Ue a 2 3.8 ay 0 ( .09) 
IVUROWERENTE cc ce eee b.8 16.0 Papal 2.01 ( .97) 
MRMGPOW ORME bo a diase e's wees 54 17.9 2.4 Pay ( .84) 
Mibbeovers Vib. ..2 0.0... 3.8 6.0 1.6 1.01 € 261) 
We se 184 Fr 5.6 10.7 1.9 nots ( .60) 
ivbrekeover RLEP:........ 1.4 — .4 — .3 — .05 ( .42) 


1Plot 5 is used in this case as the only check plot. 


The Elizabethtown field is located in the southern part of Hardin county 
on very hilly land. A topographic map shows a range in elevation of 42 feet 
on that part of the field occupied by the present plots. Erosion is therefore a 
serious problem. The main experimental work is conducted on four series of 
plots arranged and treated in the standard fashion described on page 52. The 
erop rotation first adopted consisted of corn, soybeans, wheat, and sweet clover ; 
but this was changed in 1923 to corn, wheat, timothy-clover mixture, and wheat, 
with a sweet-clover seeding on the residues plots. 

The difficulty of obtaining satisfactory data on land of such rough topogra- 
phy, where washing from one plot to another is an inherent feature of the ex- 
periments, is obvious. Nevertheless there are certain effects of soil treatment 
standing out in such bold relief as to leave no doubt as to their significance. 
These effects are brought out by the data presented in Table 15, which gives a 
summary of the annual yields of the various crops under the respective systems 
of soil treatment. 

The results show extremely poor yields on the untreated land, with very 
little improvement from the use of manure alone and still less from residues 
alone. A sharp increase in yield, however, follows the application of limestone, 
particularly where used with manure. 

Thru the introduction of rock phosphate into the soil treatment system, still 
further gains have been produced. These gains in the manure system have been 
just about sufficient to cover well the cost of material, but in the residues system 
a very good profit has been realized from the phosphate. 
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The addition of potassium in the form of kainit to the combination residues, 
limestone, and phosphate treatment has had no significant effect on crop yields 
and is therefore applied at a financial loss. 

An economie study of the crop-rotation period ending in 1928, in which 
account is taken of cost of treatment and value of crops, reveals the fact that of 
the eight different systems of soil treatment under comparison the residues, lime- 
stone, rock phosphate combination was the most profitable. 

It is not to be inferred, however, that the general plan of farm management 
represented in these experiments is the best that might be applied on this land. 
The data show that soybeans do not thrive well on this field; they might well 
be replaced, therefore, by some better adapted crop. It seems possible that by 
modifying this éfopping program and giving place to some livestock production 
in the system, a more profitable farming enterprise could be set up than that 
represented in the simple rotation employed for these experiments. 


THE UNIONVILLE FIELD 


The Unionville experiment field, whose soil closely resembles the type Red- 
dish Yellow-Gray Silt Loam as found in Edwards county, is located in the 
extreme southern part of Illinois in Massae county immediately north of Union- 
ville. The land is undulating in topography. The field is thoroly tile-drained. 

Only one of the two general systems of plots occupying this field will be 
considered for the present purpose. This set of plots is made up of four series 


TaBLE 16.—UNIONVILLE FIELD, Serizs 100, 200, 300, 400: Summary or Crop YIELDS 
Average Annual Yields 1911-1929—Bushels or (tons) per acre 


Serial Corn Soybeans!} Wheat Cotton? Oats 
plot Soil treatment 

No. 13 crops 17 crops 13 crops 13 crops 8 crops 
1 UCR aac ohare. Sous 15.6 ( .76) 5.3 171 16.3 
2 Me 2 A een serene 20.8 ( .90) 7.4 284 14.0 
3 MUG. 34.0 ie he ere 29.4 (1.30) 13.3 464 32.9 
ge OA nee ee ea Aiccre ais ce 29.7 (1.45) 16.5 479 32.9 
ere cerca Arran sicher llon ot: 13.8 ( .58) 5.6 144 12.8 
Gor WAR. oe oo \.0 ba ener ne nee 16.9 ( .62) 6.5 130 20.0 
TNR wh is S eae eee eee 32.8 ( .86) 14.4 233 25.1 
Bea MARLIP oo ae Sh. ee ee ee 36.4 ( .94) 18.2 250 40.8 
Qe RAPT ocean 41.4 (1.16) 20.4 442 41.0 
LON Ose She. ota eco nea 14.2 G62) 6.6 152 11.0 


Crop Increases 


Mcoveri0... 2 eee Se2 ( .14) Pail 113 — 2.3 
Rover’ ON. aera aul ( .04) 9 — 14 7.2 
MIioversMe 45 8.6 ( .40) 5.9 180 18.9 
IRD OVeErn hs ae Nee eer ae 15.9 ( .24) 7.9 103 15,1, 
INL Pover Vilna eee 50: (oa 5) 3.2 15 0 

REP overa ithe een eee 3.6 ( .08) 3.8 17 Diet 
RUPK over RiP eee 5.0 (9322) 2.2 192° 2 


‘Including some crops of cowpea hay. Yields in pounds per acre. 
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of ten plots each. The cropping program adopted in 1912 included corn, cow- 
peas, wheat, and cotton, but this rotation was changed in 1922 to corn, rye, cow- 
peas, and wheat, with a sweet-clover seeding on the residues plots. Two years 
later cotton was restored to the system, replacing rye in the rotation. 

Tn looking over the results of the various soil treatments on this field, (Table 
16), one notes the poor yields on the untreated land. Little effect has been pro- 
duced by manure alone and still less by residues alone. The improvement in 
yields made by adding limestone is very evident. 

Rock phosphate has produced moderate increases in yields, altho these in- 
creases are not sufficient to cover the cost of the material under present market 
conditions. Potassium likewise gives some increases in yields, particularly in 
corn and cotton, but as applied in the manner of these experiments it scarcely 
represents a profitable investment. 

The above conclusions are based upon all the results obtained over the en- 
tire period since full treatment has been in effect on the respective plots. From 
a financial study of the rotation period ending in 1928 it appears that in the 
residues system the combination residues, limestone, phosphate, and kainit has 
proved the most effective soil treatment of those under trial, thus indicating an 
inereasing response to phosphorus and potassium in later years—an effect that 
is not surprising. 


THE VIENNA FIELD 


Edwards county, as indicated in the descriptions of several of its soil types, 
includes much land that is subject to destruction thru erosion or washing. The 
experiments conducted on the Vienna field, in Johnson county, to test out differ- 


TABLE 17.—VIENNA FIELD: HANpDLING HILLSIDE LAND TO PREVENT EROSION 
Average Annual Yields 1907-1915—Bushels or (tons) per acre 


Corn Wheat Clover 


meas Broking 7 crops 7 crops 3 crops 
I iecisecscascseceeess| S14 | 9.0 | - (88) 
B Embankments jand hillside ditches..............-. 32.4 12.7 (297) 

C Organie matter, deep contour plowing, and con- 
IIe CICS SMe elo! cies ojace) bre 01S oe ie e's ele veel os 27.9 Le ( .80) 
D (COMPTIS oo Ato 00 ODI On Opi aORsee eenoOo aie eye 14.1 4.6 ( .21) 


Section A included the steepest part of the field and contained many, gullies. The land was 
built up into terraces at vertical intervals of 5 feet. Near the edge of each terrace a small ditch 
was placed so that the water could be carried to a natural outlet without much washing. 

Section B was used to test the so-called embankment method. Ridges were plowed up which 
were sufficiently high so that when there were heavy falls of rain the water would break over and 
run. in a broad sheet rather than in narrow channels. At the steepest part of the slope, hillside 
ditches were made for carrying away the run-off. 

Section C was washed badly but contained only small gullies. Here the attempt was made 
to prevent washing by incorporating organic matter in the soil and practicing deep contour 
plowing and contour planting. With two exceptions, about 8 loads of manure an acre were 
turned under each year for the corn crop. 

Section D was washed to about the same extent as Section C. It was farmed in the most 
convenient way, without any special effort to prevent washing. 
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Fig. 11.—Proprer Soin AND CROPPING MeTHopS WOULD HAVE PREVENTED THIS CONDITION 
This abandoned hillside is just over the fence from the field shown in Fig. 12. 


ent methods of reclaiming badly gullied land and preventing further erosion 
will therefore be of considerable interest. 

The Vienna field is representative of the sloping, erodible land so common 
in the extreme southern part of the state. When the experiments were started 
the whole field, with the exception of about three acres, had been abandoned be- 
cause so much of the surface soil had washed away, and there were so many 
gullies that further cultivation was unprofitable. For the purpose of the ex- 
periments the field was divided into different sections (see Table 17). These 
were not entirely uniform; some parts were much more washed than others, 
and portions of the lower-lying land had been affected by soil material washed 


Fie. 12.—Corn GROWING ON AN IMPROVED HILLSIDE OF THE VIENNA EXPERIMENT FIELD 


This land had formerly been badly eroded. It was reclaimed by proper soil treatment 
and cropping. Compare with Fig. 11, 
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down from above. The higher land had a very low producing capacity; on many 
spots little or nothing would grow. 

Limestone was applied to the entire field at the rate of 2 tons an acre. Corn, 
cowpeas, wheat, and clover were grown in a four-year rotation on each section 
except the one designated as D, which included but three plots. 

Careful records were kept for nine years. The results, summarized in Table 
17, indicate something of the possibilities in improving hillside land by protecting 
it from erosion. The average yield of corn from the protected series (A, B, and 
C) was 30.6 bushels an acre, as against 14.1 bushels on the check series (D). 
Wheat yielded 11.1 bushels on the protected series, in comparison with 4.6 bushels 
on the check, and clover yielded % of a ton on the protected series and but 4% 
of a ton on the check. 

Figs. 11 and 12 serve further to indicate what may be done with this type 
of soil even after it has become badly washed and gullied. 

Altho these results show in principle the possibility of improving this land, 
it cannot be said that the experiments as conducted represent directly the most 
economical system of farming. However, it appears possible that by modifying 
the cropping plan in some manner, as for example, substituting sweet clover for 
cowpeas and giving large place in the farming system to hay and pasture crops, 
production might be substantially increased and thus a system of farming 
instituted that would represent a profitable enterprise. 
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The Soil Survey of Illinois was organized under the general supervision 
of Protessor Cyril G. Hopkins, with Professor Jeremiah G. Mosier directly 
in charge of soil classification and mapping. After working in association 
on this undertaking for eighteen years, Professor Hopkins died and Profes- 


sor Mosier followed two years later. The work of these two men enters so 
intimately into the whole project of the Illinois Soil Survey that it is im- 
possible to disassociate their names from the individual county reports. 
Therefore recognition is hereby accorded Professors Hopkins and Mosier for 
their contribution to the work resulting in this publication. 
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INTRODUCTORY NOTE ees 

(te IS A MATTER of common observation that soils vary tremendously in 

their productive power, depending upon their physical condition, their 
chemical composition, and their biological activities. For any comprehen- 
sive plan of soil improvement looking toward the permanent maintenance 
of our agricultural lands, a definite knowledge of the various existing kinds 
or types of soil is a first essential. It is the purpose of a soil survey to 
classify the various kinds of soil of a given area in such a manner as to permit 
definite characterization for description and for mapping. With the in- 
formation that such a survey affords, every farmer or landowner of the 
surveyed area has at hand the basis for a rational system of improvement 
of his land. At the same time the Experiment Station is furnished an in- 
ventory of the soils of the state, upon which intelligently to base plans for 
those fundamental investigations so necessary for solving the problems of 
practical soil improvement. 

This county soil report is one of a series reporting the results of the 
soil survey which, when completed, will cover the state of Illinois. Each 
county report is intended to be as nearly complete in itself as it is practi- 
cable to make it, even at the expense of some repetition. There is pre- 
sented in the form of an Appendix a general discussion of the important 
principles of soil management in order to help the farmer and landowner 
to understand the significance of the data furnished by the soil survey and 
to make intelligent application of the same in the maintenance and im- 
provement of the land. In many eases it will be of advantage to study the 
Appendix in advance of the soil report proper. 

While the authors must assume the responsibility for the presentation 
of this report, it should be understood that the material for it represents 
the contribution of a considerable number of the present and former mem- 
bers of the Agronomy Department working in their respective lines of soil 
mapping, soil analysis, and experiment field investigation. In this con- 
nection special recognition is due Mr. O. I. Ellis, who, as leader of the field 
party, was in direct charge of the mapping. 
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Pratl Yl COUNTY SOILS 


By R. S. SMITH, E. E. DeTURK, F. C. BAUER, anv L. H. SMITH! 


GEOGRAPHICAL FEATURES OF PIATT COUNTY 


PIATT COUNTY is located near the center of Illinois about 25 miles north 
of the Shelbyville moraine, which, in this region, marks the dividing line be- 
tween the dark-colored corn-belt soils to the north and the light-colored soils 
to the south. The county is about 34 miles north and south by about 15 miles 
east and west and occupies 432.72 square miles. 


Climate 


The climate of Piatt county is typical of that prevailing in the Mississippi 
valley region. It is characterized by a wide range in temperature between the 
extremes of winter and summer and by an abundant, well-distributed rainfall. 
The greatest range in temperature for any one year for the twenty-six year 
period 1903 to 1928, as recorded at Urbana, was 122 degrees in 1905 and again in 
1918. The highest temperature was 103° in 1913; the lowest, 25° below zero 
in 1905. In 1921 the lowest winter temperature was 6° above zero. The sum- 
mer temperature exceeded 100° during five years and the winter temperature 
fell below 10° below zero during fourteen years out of the twenty-six year 
period. The average date of the last killing frost in the spring is April 25; 
the earliest in the autumn is October 16. The average length of the growing 
season is 174 days, which is ample time to mature all the crops common to the 
region. Occasional early frosts result in soft corn when the preceding spring 
has been very wet and backward. Winter wheat is sometimes injured by sleet 
and ice, particularly on flat land. 

The average annual rainfall for the twenty-six year period was 35.26 
inches. The wettest year on record, 1927, had a rainfall of 55.64 inches; the 
driest year, 1914, had a rainfall of 24.68 inches. 

Fig. 1 gives the average monthly rainfall for the twenty-six year period. 
An average monthly rainfall of more than 3 inches during the growing season 
would indicate that Piatt county soils receive enough water to maintain a 
proper moisture supply for the growing crops so that drouths would not occur. 
It should be borne in mind, however, that the total amount of precipitation 
is only one of the factors that control drouth; other important factors are 
humidity, rate of evaporation, rate at which rain falls, lapse of time between 
rains, and drainage conditions. However, the rainfall in this county is suffi- 
ciently well distributed that seldom is there a severe drouth. Occasionally 
twenty to thirty days pass without much rain so that crop yields are reduced 
and meadows and pastures are short, but the subsoil rarely becomes so dry that 
plant roots cannot procure some moisture. 


1R. 8. Smith, in charge of soil survey mapping; E. EH. DeTurk, in charge of soil analysis; 
F. C. Bauer, in charge of experiment fields; L. H. Smith, in charge of publications. 
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Fic. 1—AVERAGE MONTHLY DISTRIBUTION OF RAINFALL IN PIATT COUNTY 


Physiography and Drainage 


Piatt county contains much nearly level land. The northeast corner is 
gently rolling where the Blue Ridge moraine, a part of the Champaign mo- 
rainie system, cuts across the northeast corner of the county. Sangamon river 
traverses the central part of the county in a northeast-southwest direction and 
is bordered on either side by a narrow belt of gently rolling land. The Cerro 
Gordo moraine crosses the county parallel to, and on the south side of, Sanga- 
mon river. Both of these morainal areas are gently rolling and contain but 
few slopes sufficiently steep to erode badly if well managed. The remainder 
of the county contains much land that is so nearly level as to have poor 
natural drainage. 

The southern part of the county, south of the Cerro Gordo moraine, drains 
into streams of the Kaskaskia river system, while the portion of the county 
north of this ridge drains into Sangamon river, either directly or thru its 
tributaries. Dredge ditches have been constructed in the flatter portions of 
the county to serve as outlets for tiling systems and to carry the large volume 
of run-off. No soil is known to oceur in Piatt county which will not under- 
drain satisfactorily. The heavy, low-lying areas underdrain more slowly than 
the more open soils, but their high potential productivity fully justifies the 
expense of placing the lines of tile close enough together to provide adequate 
underdrainage. The accompanying drainage map shows the natural drainage 
of the county and the morainal ridges. 

The elevation of Piatt county ranges between 668 and 793 feet. The high- 
est point is in the northeast corner of the county and the lowest in the southeast. 


Pratr County 


ba | 


[_] INTERMORAINAL 
UZ MORAINAL 
BOTTOM LAND 


R4E REE I Olt 


Hig. 2.—DrAtInace Map or Pratr County SHOWING STREAM COURSES, Bottom LANDS, AND 
MORAINAL AND INTER-MORAINAL AREAS 


Settlement and Development 

The first settlers in Piatt county were from the Southern states, many of 
them coming by way of Ohio or Indiana. Having come from forested states, 
it was years before they learned that the prairies could be cultivated. The 
poor drainage of much of the prairie land was, no doubt, an important factor 
in retarding their cultivation. Much artificial drainage had been provided by 
1883 and with the extension of the drainage systems the rich, black prairie soils 
were rapidly brought under the plow. 

Monticello was laid out and named in 1837. In 1841 Piatt county was 
formed from parts of Macon and DeWitt counties, and Monticello was chosen 
as the county seat. 
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The Wabash railroad was constructed thru the county in 1855 and 1856, 
and the railroad between Monticello and Champaign was put into operation 
in 1870 and extended to Decatur two years later. 

Piatt county is now well provided with rail transportation. No farm in 
the county is over seven miles from a shipping point. State conerete high- 
ways traverse the county, as shown on the soil map. The dirt roads are in 
general well kept, many of them being oiled. 


Agricultural Production 


The early agriculture in Piatt county was confined largely to small fields 
cleared in the timber along Sangamon river. Attempts to produce small grains 
on the prairie were not at first successful because of the rank growth result- 
ing in lodging of the oats and rusting of the wheat. As drainage was provided 
and the excess of nitrogen and organic matter in the soil was reduced, these 
difficulties became less acute. 

The principal crops grown in Piatt county in the present day are those 
common to the corn belt. The following figures (taken from Cireular 385, 
Illinois Crop and Livestock Statistics, Illinois Department of Agriculture and 
U. S. Department of Agriculture cooperating) give the acreage, production, 
and yield per acre of the more important crops for 1928. 


Crops Acreage Production Yield per acre 
Goya ormgonn Honccbishc cose cote 111,800 4,695,600 bu. 42.0 bu. 
Winter wheaitie vsrcrsteistenysr ats lors 3,800 45,600 bu. 12.0 bu. 
SPLin ge wheat, aio erestepererieetedre <tc 7,600 76,000 bu. 10.0 bu. 
Barley: ya axteverscrettoraat tetera tatelers 7,630 160,230 bu. 21.0 bu. 
EE VGiers Scavecheyerdtecolersccrsrereln eteterateacts 90 1,170 bu. 13.0 bu. 
OES Range iGo SU mdio.cbouocaa 61,900 2,290,300 bu. 37.0 bu. 
Wihite potatoes. . sian ctr ore 250 21,250 bu. 85.0 bu. 
Sweet potatoes cence eesti 15 1,690 bu. 112.6 bu. 
Soybeans =(alone)) Gacy cise slelsiere 12,000 = aescce 
Soybeans (with other crops)..... 3000 ieee: | 
Alfaltay (cut: foribay) ies 800 ese ser 
Sweet: clovere..mivrecnsiene's vec 17,000 *—etevess ie 
Mame HAY weir. siseietens cis cre sisters ere 10,400 14,560 tons 1.4 tons 
MMe eo onan c oon oso dod bomen 35 39 tons 1.1 tons 


The above figures are for but a single year, that of 1928. Yields will 
fluctuate from year to year and for this reason the average yield over a period 
of years more accurately represents conditions. The U. S. Department of 
Agriculture gives the following average yields for the eighteen-year period 
1911 to 1928: corn, 38 bushels; wheat, 19 bushels; oats, 34 bushels; hay, 1.2 
tons. Thus it appears upon comparing the figures for the single year 1928 with 
these long-time averages that 1928 was a rather favorable year for corn and 
oats but an exceptionally poor one for wheat. 

An important crop of rather recent introduction is the soybean. The great 
interest in soybeans in this section of the country is shown by the fact that in 
1928 there were 12,000 acres in Piatt county devoted to soybeans alone, and 
on 3,000 other acres soybeans were grown with other crops. The great value 
of sweet clover as a soil-building and pasture crop is becoming more and 
more appreciated, as attested by the 17,000 acres devoted to this crop. 
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Fic. 3.—RELATIVE ACREAGE OF DIFFERENT KINDS OF FIELD Crops In Piatt County, 1928 
It is of interest to note the prominent place being taken by two crops of rather recent 
introduction, the soybean and sweet clover. (Based on Cire. 385, Ill. Crop and Livestock Sta- 
tistics, Ill. Dept. Agr. and U.S.D.A. cooperating.) 


Fruit and vegetable crops are of little commercial importance in Piatt 
county. Stock raising was important from an early date. The character of the 
livestock interests in the county in 1928 is shown by the following figures taken 
from Circular 385, Illinois Crop and Livestock Statistics, mentioned above: 


Animals and Animal Products Number Value 
TSIQEEE > o on JOA OS DU DOD ORODDUDOD OG COUnOOD OO moncaecoe 8,630 $733,500 
INTIS) 3. 5 o Oh oO ODO EOD EeCIO DD OR een econ ince 1,330 118,300 
Canis (oie) oppo GntgHbn 66 SOU eDDOD OO Cope aoc edaprc 13,170 723,100 
IDBuiay COE! 6660 OOO SOIDISUOUGEnIDOD OCmnCn CO OmnO On ornign 5,660 418,200 
AOR SM sie lale a) aoe + (a) so. sisieinis cccinis ces cise esieecesis neces 45,830 641,600 
EAD 5 o 9 o CHa SIO COS OORDIOTSOns Seca ceU anoecor 3,070 32,300 


CatTLe $723,100} Hocs $641,600 
859, 
Horses $733,500 


Fig. 4—RELATIVE VALUE OF THE MorE IMPORTANT CLASSES OF FARM ANIMALS 
IN Pratt County 
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FORMATION OF PIATT COUNTY SOILS 


Sources of Soil Materials 


Piatt county is covered by a thick deposit of glacial till. The surface of 
the county prior to glacial times was broken, but the preglacial topography 
had no influence on present surface conditions, for the deposit of till exceeds 200 
feet in thickness over most of the county. ‘The ice sheets, as they passed over 
the region, rubbed down the hills and filled the valleys, and upon their re- 
treat left a nearly level till plain broken only by the Blue Ridge moraine in 
the northeast corner of the county and the Cerro Gordo moraine extending in 
a southwest-northeast direction thru the central part of the county. 

The first glacier known to have advanced across the area now occupied 
by Piatt county is called the Illinoian. This glacier was an immense ice sheet 
which came from the north and covered most of Illinois. Following the retreat 
of this glacier there was a long period during which soil was formed on the 
till left by the Illinoian ice and also on loess deposited at a later time on the 
Illinoian till. Following this long interglacial stage, another immense ice 
sheet known as the Wisconsin advanced across the area. The present soils of 
Piatt county were formed in large part from the tili left by the Wisconsin 
glacier. In a few areas a thin blanket of loess appears to have been deposited 
onthe till, and where such is the case the soils were developed from the loess 
and are pebble-free. 

Over much of the county there seems to have been a local reworking of 
the soil material by the wind, producing a loess-like cover. Because of the 
thickness of this deposit the soils developed from it have been classified with 
the loess soils rather than with the drift soils, tho strictly speaking they are 
not loess soils. 

Flowing water reworked the glacial till and the loess in places, leaving 
deposits in the form of bottoms, terraces, and outwash plains from which the 
soils of these areas developed. AlJl of these materials were high in carbonates 
at the time they were deposited and this fact has an important bearing on the 
character of the soils developed from them. The till was made up of a great 
variety of rocks, including limestone. These rocks were ground into vari- 
ous sized particles, including the very finest as well as gravel and stones, and 
these particles were mixed together, giving a material well supplied with all 
the elements of plant food. Loess is the ‘‘rock flour’’ produced by the grind- 
ing action of the ice sheet. This flour-like material was carried into the bottom- 
lands by glacial streams flowing from’ the front of the glacier and was then 
picked up by the wind and deposited over the upland. It is an excellent soil- 
forming material, rich in the elements of plant food and of such texture that 
soils developed from it are easy to work. The water-deposited material was 
laid down in large amounts as outwash plains, terraces, and bottom lands 
during the retreat of the Wisconsin ice sheet. The transposition of soil ma- 
terial thru washing from the higher- to the lower-lying land has been in prog- 
ress ever since the retreat of the glacier, and this process is still going on. 
The rate of this washing was relatively slow prior to the bringing of the land 
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under cultivation, because of the protection afforded by the timber or by the 
dense prairie grass. Since the land has been brought under the plow, washing 
on the more pronounced slopes has been so rapid as to be harmful. Its effect 
is evidenced by the yellowish color of the surface soil on the slopes which are 
washing rapidly, and is reflected in the lower crop yields on these areas. 
Part of the material washed from the higher land is deposited locally on the 
lower areas resulting in the formation of very youthful soils with little de- 
velopment of the horizons or strata which characterize mature soils. 


Process of Soil Development 

The various kinds of soil material, whether deposited directly from the 
glacier, reworked by the wind, or transported by water, all began immedi- 
ately to undergo change thru the action of weathering forces. The simpler 
forms of vegetation grew first, these being followed by the higher plants as 
conditions for their growth became favorable. In the region now included in 
Piatt county all the conditions were favorable for the accumulation of organic 
matter over a large proportion of the land. A grass vegetation developed and 
occupied most of the area, and this condition, together with the high lime and 
high moisture contents of the soil, favored the accumulation of organic matter 
and the development of dark-colored soils. A relatively small total area along 
Sangamon river and in the southeastern corner of the county was occupied by 
a timber vegetation, which resulted in the development of light-colored soils. 

As time went on and weathering continued, the soils as we now know them 
began to take form. Layers or horizons, often spoken of as surface, subsurface, 
and subsoil, became distinguishable. The soils of the county are still youthful 
in the sense that the various parts of the profile are not yet fully developed. 
In some of the low-lying areas fresh-water shells are still abundant, indicating 
the short length of time which has elapsed since these areas were swampy. 
The construction of dredge ditches and the installation of tile have changed 
the low-lying, swampy areas into highly productive farm land. As time goes 
on and leaching progresses, the youthful soils in this county will take on the 
features of maturity and will inevitably become less productive. This change, 
however, from youth to maturity is extremely slow. So far as the present gen- 
eration and many generations in the future are concerned, the soils of Piatt 
county will remain productive unless depleted thru poor soil management 
methods. 

About 94 percent of the soils in Piatt county are dark-colored. These soils 
were originally high in organic matter and are still well supplied with this 
important constituent except where no provision has been made in the farm- 
ing plan for its replenishment and on slopes which have eroded rapidly. The 
dark-colored soils owe their dark color and high organic-matter content to 
the prairie grasses which grew there prior to occupation by the white man. 
The fibrous roots of the grasses were preserved from rapid decay by the 
swampy conditions in the low lands and by the covering of fine soil and mat 
of grass stems and leaves on the higher land which partially excluded the 
oxygen. The mat of grass stems and leaves was at times partially destroyed 
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by prairie fires and by decay, but it was constantly being renewed and by its 
protecting action contributed to the accumulation of organic matter in the soil. 

Light-colored soils occupy about 6 percent of the total area of the county. 
These soils are light-colored because they were occupied by a timber vegeta- 
tion. The conditions in a forest are not favorable for the accumulation of 
organic matter in the soil. The tree roots are large, and when the tree dies 
they decay rapidly and completely. The leaves and other debris falling on 
the surface are exposed to rapid decay and to destruction by timber fires and 
therefore contribute but little to the organic-matter supply of the soil. 

When virgin soil is first plowed up and put under cultivation, the rate at 
which the organic matter decays is greatly accelerated. Prairie soil when first 
plowed may contain in some cases more organic matter than is actually neces- 
sary for good produetivity, but timber soil has such a limited amount of organic 
matter that its depletion thru cultivation becomes harmful. Special attention 
must now be given to increasing the amount of this valuable soil constituent 
in these light-colored soils if the best results are to be expected. 


THE SOIL MAP 
Basis of Soil Classification 


In the soil survey the ‘‘type’’ is the unit of classification. Each soil type 
has definite characteristics upon which its separation from other types is based. 
These characteristics are inherent in the strata, or horizons, which constitute 


Fic. 5.—STuDYING THE SOIL PROFILE 
Deep natural exposures are made use of in studying the soil profile. 


the soil profile in all mature soils. Among them may be mentioned color, 
structure, texture, and chemical composition. The topography and the kind 
and character of the vegetation are easily observed features of the landscape 
which are very useful indicators of soil character. A knowledge of the geologi- 
eal origin and formation of the soil material of the region that is being mapped 
often makes possible an understanding of the soil conditions which occur. 
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Not infrequently areas are encountered in which type characters are not 
distinctly developed or in which such characteristics show considerable variation. 
When these variations are considered to have sufficient significance, and the 
areas involved are sufficiently large, type separations are made. Because of the 
almost infinite variability occurring in soils, one of the exacting tasks of the 
soil surveyor is to determine the degree of variation which is allowable for 
any given type. 

Naming the Soil Types 

In the Illinois soil survey a system of nomenclature is used which is in- 
tended to make the type name convey some idea of the nature of the soil. 
Thus the name ‘‘Yellow-Gray Silt Loam’’ carries in itself a somewhat definite 
description of the type. It should not be assumed, however, that this system 
of nomenclature makes it possible to devise type names which are adequately 
descriptive, because the profile of mature soils is usually made up of more than 
one stratum and it is impossible to describe each stratum in the type name. 
The color and texture of the surface soil are usually included in the type 
name and when material such as sand, gravel, or rock lies at a depth of less 
than 30 inches, the fact is indicated by the word ‘‘On,’’ and when its depth 
exceeds 30 inches, by the word ‘‘Over’’; for example, Brown Silt Loam On 
Gravel and Brown Silt Loam Over Gravel. 

To assist in designating soil types, a number is assigned to each type. 
These numbers are not only a convenience in referring to the respective types 
but they are especially useful in designating very small areas on the map and 
as a check in reading the map colors. 


Tas_E 1.—Sor Tyrns or Prarr County, ILLInois 


Soil Area in Area Percent 
type Type name square in of total 
No. miles acres area, 
36 iisbBrown Silt Loam, .........+....05.. 8.69 5 562 2.08 
38 | Light Brown Sandy Loam...... ace heer . 20 128 04 
ANGMMMEONU OMG AUOKMOG ES. cs ce eee ee an 195.89 125 369 45.27 
56 Brownie woam On Driftt..........5...- 16.12 10 317 3.72 
22 | Reddish Brown Silt Loam On Drift......... 8.11 5 190 1.87 
59 | Brown Silt Loam On Calcareous Drift...... iat 710 25 
66 | Black Clay Loam On Drab Clay........... 163.90 104 896 37.87 
64 | Black Clay Loam On Calcareous Drift...... 8.54 5 465 1.97 
18 | Brownish Yellow-Gray Silt Loam.......... 9.07 5 805 2.09 
17 | Brownish Yellow-Gray Silt Loam On 
Compact Medium-Plastic Clay........... byes 3 437 1.24 
16 | Brownish Yellow-Gray Silt Loam On Tight 
(CHAR S08 bot cde 0 A eee eee 22 141 .05 
Sicouea Gravelly 0am .... 2.2.6.0... eee 2.03 1 300 47 
134 | Brownish Yellow-Gray Silt Loam Over Sand 
(Ore (CH alls de 60 ot .20 128 -04 
135 | Brownish Yellow-Gray Sandy Loam Over 
Cri! OMI ChER() |. 3300 en .32 205 AUS 
51 | Deep Dark Brown Silt Loam.............. 25 160 05 
LOfeieDeepublack Claysloam,..........°00..... .68 435 wil 
MC MP WeepeETOWR SUTMOAM. .. 0... ee ees .09 58 .02 
14a} |) LEe vole ING boy .09 58 .02 
1O3))\| Lette, IY EbsGayel IC G0)2) 0a ae ee 11.84 if BAH 2.73 


UNG OIEAT COMME eich. cvs view sae eee 432.72 276 941 100.00 
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Table 1 gives the list of the soil types as mapped in Piatt county, the area 
of each in square miles as well as in acres, and also the percentage that each 
type constitutes of the total area of the county. 

The accompanying colored map, shown in two sections, vives the location 
and boundary of each soil type and indicates the position of streams, roads, 
railroads, and town sites. 


DESCRIPTION OF SOIL TYPES 


Based on the principles explained above, the soils of Piatt county have 
been differentiated under nineteen soil types. <A brief description of the out- 
standing characters, together with a few suggestions for the practical manage- 
ment of each type, are given in the following paragraphs. 


Light Brown Silt Loam (36) 

Light Brown Silt Loam is a relatively unimportant type in Piatt county, 
occupying a total of only 8.69 square miles, or slightly over 2 percent of the 
area of the county. It occurs only on slopes or high ground where drainage 
has always been good and where there has been an accumulation of wind- 
blown material. It does not occupy the steeper slopes because on such slopes 
erosion has removed the loess-like material. It occurs on areas sufficiently slop- 
ing and high enough to have been well drained but not so sloping that there 
was much erosion prior to bringing the land under cultivation. 

In addition to occupying a characteristic topographic position, the areas 
of this type are so located as to have received wind-blown material from adja- 
cent low land or silty wash from adjacent higher land. Glacial till is rarely 
found at depths less than 40 inches from the surface and is commonly found 
deeper than 50 inches. 

The type is characterized by a light brown surface soil which is silty and 
friable. The surface is 7 or 8 inches deep and passes into a more yellowish ma- 
terial with a reddish cast, which in turn rests on a slightly compact but friable, 
reddish brown subsoil at a depth of 18 or 20 inches. This subsoil horizon is 
not very well defined but usually is about 12 to 14 inches thick. Below this 
subsoil layer, the material becomes much more friable and contains some gray 
material mixed with the yellow. At depths varying from 40 to about 60 inches, 
gravelly-sandy glacial till is encountered. This material was deposited by 
the Wisconsin ice sheet. 

Management—Light Brown Silt Loam is an easy soil to farm, and if reason- 
able attention is given to keeping it supplied with nitrogen and organic matter 
it is a productive soil. Failure to practice a good rotation soon results in lowered 
yields and loss of soil by erosion. This type varies somewhat in acidity, depend- 
ing on the manner in which it has been farmed and on its location with regard 
to wash from higher slopes. Ordinarily two tons of limestone, if the stone does 
not contain too large a proportion of coarse particles, will sweeten the soil suffi- 
ciently to grow good red clover and fair sweet clover. After the nitrogen and 
organic matter have been taken care of by means of a good rotation well handled, 
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attention should be given to further improvement by the use of fertilizers. If 
little manure is available, trial might well be made of either rock phosphate or 
superphosphate for wheat. The use of either of these materials should benefit 
the corn crop indirectly thru increased clover growth. Experimental results at 
present available do not indicate that profitable crop increases in general farm- 
ing can be expected to follow the use of a complete mixed fertilizer on this soil type. 


Light Brown Sandy Loam (38) 

Light Brown Sandy Loam is a minor type occupying a total of only two- 
tenths of a square mile. It differs from Light Brown Silt Loam in having a 
sandy rather than a silty texture. Where a small patch of this type occurs near 
the farm dwelling, it may be used for melons or garden crops, for which it is 
well adapted. The type, unless used for some special purpose, should be man- 
aged as recommended for Light Brown Silt Loam (36). 


Brown Silt Loam (41) 

Brown Silt Loam is the most extensive type in Piatt county, occupying a 
total of 195.89 square miles, or 45 percent of the area of the county. It occupies 
intermediate topographic positions and has, for the most part, good surface 
drainage. The subsoil allows water to pass rapidly into the underdrainage, so 
that the drainage of this type can be said to be good altho tile must be installed 
thruout. 

The surface soil is about 8 inches thick and has a dark brown color. The sub- 
surface is a somewhat lighter brown than the surface, and the subsoil, which be- 
gins at about 18 inches, is a brownish yellow, somewhat compact, clay loam. 
Below a depth of 35 to 40 inches the material is friable and yellowish in color. 


Management.—Erosion should not be a serious problem on this soil, altho, 
very material damage has been caused by sheet washing on many fields occupied 
by this type. If good farming methods are practiced, the loss from erosion should 
be small over most of the type. This soil was originally well supplied with or- 
ganic matter and still is, except where destructive farming methcds have been 
practiced thru a considerable period of time. Sweet clover or alfalfa will not 
grow on this type without a light application of limestone, but during favorable 
clover years red clover will make a fair crop without the addition of limestone. 
This soil responds well to manure but not so well as Type 36, Light Brown Silt 
Loam. Where manure is not available, rock phosphate should give profitable 
returns where clover is grown and used in part as a green manure. 

Summarized results from the Bloomington experiment field are given on 
pages 29 to 33 and may be taken as indicating the returns that may be expected 
from the use of phosphates. 


Brown Silt Loam On Drift (56) 
Brown Silt Loam On Drift differs from Brown Silt Loam (41) chiefly in 
_ having sandy, gravelly drift near the surface. It occurs in the northeastern 
corner of the county and on the rolling areas along Sangamon river and occupies 
a total area of 16.12 square miles. The rolling topography on which this soil 
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occurs makes it subject to erosion; in fact erosion is responsible for its exist- 
ence in that it has removed more or less of the original silty surface, thus bring- 
ing the sandy gravelly drift near to the present surface. On some slopes erosion 
has been so active that even the surface soil contains a large amount of gravel. 

This type is characterized by a friable, rather coarse silt loam surface soil 
which is brown in color; a dull reddish brown, somewhat sandy and gravelly 
silt loam subsurface; and a reddish brown, slightly plastic and medium compact, 
sandy, gravelly silt loam subsoil. Caleareous material occurs at depths varying 
from 40 to 60 inches below the surface. 

Management.—It is particularly important that a cropping system be 
adopted for this soil type, that will provide a vegetative cover during as much 
of the year as ‘possible. The first thing to do in starting such a cropping system 
is to apply enough limestone so that sweet clover can be grown. Tests show that 
the lime requirement of this soil varies from 1 to 3 tons an acre with but 
few areas requiring the maximum amount. Before applying limestone to this 
soil, tests should be made to determine just how much is needed. Results from 
the Urbana experiment field indicate that rock phosphate ean be used at a profit 
on this soil tho it would be advisable to grow one or two crops of clover, prefer- 
ably sweet clover, before investing in this material. Tiling is not commonly 
practiced on this land but the wise use of tile will prove to be a good investment 
because of the assistance it gives in decreasing erosion. 


Reddish Brown Silt Loam On Drift (22) 

Reddish Brown Silt Loam On Drift occurs on rolling to rough topography 
along Sangamon river. It has supported some timber growth but not for a long 
enough time to give to it well-developed timber-soil features. This soil has a 
distinctly reddish cast thruout the profile developed because of its good drainage. 
Erosion is destructive on this soil. 

The surface soil is shallow, has a grayish brown or yellowish brown color, 
and is often rather sandy because of sheet erosion. The deeper layers are red- 
dish brown and have not developed into well-defined horizons. The fact that it 
is 50 inches or more to carbonates shows that leaching is rapid in this soil. 

Management.—A considerable portion of this type is now used for pasture 
or timber and these uses should be continued since it erodes badly when farmed. 
This soil is somewhat peculiar in being more strongly acid in the deeper layers 
than in the surface. This characteristic appears to be very general over the 
entire area of the type and suggests that if limestone is applied to improve the 
pastures more should be applied than is indicated by the degree of acidity of 
the surface soil. 

Brown Silt Loam On Calcareous Drift (59) 

Brown Silt Loam On Caleareous Drift occupies a total area of only 1.11 
square miles in Piatt county, and occurs only in the northeastern corner of the 
county on the Blue Ridge moraine. It is found on areas which have suffered 
the loss of enough soil material by erosion to bring the underlying calcareous 
drift within 35 inches or less of the surface. It differs from Brown Silt Loam On 
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Drift (56) chiefly in depth to calcareous material. It is somewhat less acid than 
Type 56 and is naturally adapted to growing alfalfa because of good drainage 
and the nearness of carbonates to the surface. Reference may be made to 
Type 56, page 15, for suggestions regarding the management of this soil. 


Black Clay Loam On Drab Clay (66) 

Black Clay Loam On Drab Clay is an extensive soil type in Piatt county, 
occupying a total of 163.9 square miles. It occurs only on low-lying areas and 
was formed under conditions of poor drainage. These conditions favored the 
accumulation of organic matter. In places, marl-like material occurs at varying 
depths below the surface. 

The surface soil is black, and is plastic when wet. It is ten or twelve inches 
in depth, the lower three or four inches often having a waxy appearance. The 
subsurface is a waxy appearing, black or drabbish black, plastic clay loam. 
The subsoil, beginning at about 20 inches, is a drab or grayish drab plastic clay. 

Management.—This soil type is potentially highly productive. Its charac- 
teristics are those imparted by conditions of poor drainage and its present crop- 
producing value depends on the thoroness with which these conditions have 
been corrected. The surface drainage of the type is poor, and water does not 
pass thru the subsoil as readily as it does in the soils previously described. This 
condition necessitates placing strings of tile not over six rods apart. The phys- 
ical properties of this soil make it easily injured if worked when too wet or too 
dry. The moisture range within which it may be successfully worked decreases 
as the amount of organic matter decreases. It is especially important, therefore, 
to adopt a cropping system in which provision is made for regular additions of 
organic matter. This soil type is rarely acid and no assurance can be given 
that the use of any fertilizing material will return a profit. Drainage and or- 
ganic matter are the two things which should be given attention at present 
and probably for many years to come. 


Black Clay Loam On Calcareous Drift (64) 
Black Clay Loam On Caleareous Drift has a total area of 8.54 square miles 
in Piatt county. It occupies depressions and is often surrounded by Type 66, 


_ just described. It differs from No. 66 in being calcarcous at twenty to twenty- 


five inches below the surface. It is also more difficult to drain than No. 66 and 
is more likely to be alkaline. However, the same suggestions for management 
apply to this type that were given for No. 66. 


Brownish Yellow-Gray Silt Loam (18) 
Brownish Yellow-Gray Silt Loam is a light-colored timber soil occurring 
along Sangamon river and having a total area of about 9 square miles in this 
eounty. The topography of this type is undulating to gently rolling and both 


the surface drainage and underdrainage are good. 


’ The surface soil is about 8 inches deep and is a grayish light brown silt 


loam. The subsurface soil is yellowish with a reddish cast and the subsoil, be- 


18 Soi, Report No. 47 


ginning at about 18 inches, is yellowish brown with mottlings of gray and red- 
dish brown. It is slightly compact and slightly plastic but easily permeable to 
water and roots. | 


Management.—This soil is medium-acid and is low in organic matter and | 


nitrogen. It responds well to good farming, and following the application of 
limestone and the growing of sweet clover, produces good yields of corn. Fields 
which have had their originally small amount of organic matter further reduced 
by bad farming might well be put into a very short rotation including clover or in 
a longer rotation in which clover appears twice. No experiment field data are 
available for this scil type, and because of this fact no recommendations for 
treatment are,made other than the application of limestone in amounts indi- 
cated by tests and the use of farm manure and crop residues ineluding clover. 
After the nitrogen and organic-matter deficiencies have been taken care of, 
tests should be made with phosphates and other fertilizing materials. 


Brownish Yellow-Gray Silt Loam On Compact Medium-Plastic Clay (17) 


Brownish Yellow-Gray Silt Loam On Compact Medium-Plastie Clay differs 
from the type described immediately above, No. 18, because it has developed 
under conditions of poor drainage. It is found only on flat topography and has 
poor surface drainage and underdrainage. 

The surface soil is a-slightly brownish gray silt loam. This horizon, as 
well as all the horizons in the profile, contains numerous iron pellets. The sub- 
surface, beginning at about 8 inches, is gray sploteched with dark brown. The 
subsoil begins about 17 inches below the surface and is a drabbish gray, com- 


pact, medium-plastic clay. This plastic material continues to a depth of 30. 


to 35 inches, where the material becomes more friable. 

Management.—If this soil type is utilized for cropping, attention should 
first be given to drainage. Tile will draw but not readily; the strings should 
therefore be placed closer together than in a more open soil. The second step 
should be to test each field in detail for acidity. This soil is medium to strongly 
acid but varies somewhat in degree of acidity, hence the.desirability of deter- 
mining by means of detailed tests the exact amount of limestone needed. Fol- 
lowing the application of limestone, sweet clover should be seeded and plowed 
down in the spring of its second year for corn. An objection to this practice is 
that, particularly on this soil, difficulty may be experienced in getting the plow- 
ing done early enough when the spring is wet. 


Brownish Yellow-Gray Silt Loam On Tight Clay (16) 


Brownish Yellow-Gray Silt Loam On Tight Clay oceupies less than a quar- : 


ter of a square mile in Piatt county and is of relatively low agricultural value. 


It is similar to No. 17, just described, but the gray color is more pronounced — 


thruout the profile and the subsoil is more impervious. If this soil is farmed, 
the same general plan should be followed as that recommended for Type 17 


except that drainage should be taken care of by means of furrows and open ditches. © 
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Eroded Gravelly Loam (8) 


Eroded Gravelly Loam is a minor type occupying a total area of only 2.03 
square miles. It oceurs in narrow strips on slopes along Sangamon river. Ero- 
sicn has been sufficiently active on these slopes to remove any loess-like material 
and expose the glacial drift, which contains a large percentage of gravel. No 
soil profile has developed because the rate of removal by erosion is more rapid 
than the rate of soil development. The nature of the material varies somewhat 
on different slopes because of difierences in the glacial drift, some slopes being 
more sandy or more gravelly than others. 

Management.—Eroded Gravelly Loam is unsuited to general farming be- 
eause of its gravelly nature and because erosion is too severe under tillage. It 
should be used for timber or pasture, and is well adapted to either of these uses. 


Brownish Yellow-Gray Silt Loam Over Sand Or Gravel (134) 


Brownish Yellow-Gray Silt Loam Over Sand Or Gravel is a light-colored 
terrace soil, occupying a total of only two-tenths of a square mile in Piatt county. 
It differs from type No. 18, the corresponding upland type described on page 17, 
chiefly in being underlain by sand or gravel. The description and management 
suggestions given for Type 18 may be applied to this type. 


Brownish Yellow-Gray Sandy Loam Over Sand Or Gravel (135) 


Brownish Yellow-Gray Sandy Loam Over Sand Or Gravel is a terrace forma- 
tion and is underlain by sand or gravel. It is of minor importance in Piatt 
county, oceupying only .32 of a square mile. It is not so good a soil as the 
preceding type, No. 134, but should be managed in the same way. 


Deep Dark Brown Silt Loam (51) 

Deep Dark Brown Silt Loam is a highly productive soil formed in low-lying 
areas where much silting-in has taken place. It occupies a total area of only 
.25 of a square mile in Piatt county. This soil is not acid, is well supplied with 
organic matter, and needs no fertilizer treatment. It is so youthful that well- 
defined surface, subsurface, and subsoil horizons have not yet been developed. 


Deep Black Clay Loam (107) 

Deep Black Clay Loam occurs along Lake Fork creek in the southeastern 
corner of the county. It is a silted-in type and is therefore deep and shows 
little horizon development. This soil is highly productive and requires no treat- 
ment other than the addition of organic matter as a means of maintaining a 
good physical condition. 


Deep Brown Silt Loam (77) 
Deep Brown Silt Loam differs from No. 51, Deep Dark Brown Silt Loam, 
described above, in having less organic matter. It occupies a total area of only 
58 acres in Piatt county. 


20 Som. Report No. 47 


Black Mixed Loam (76) 


Black Mixed Loam occupies so small an area in Piatt county as to be of 
minor importance. It is similar to Brown Mixed Loam (73) except that it con- 
tains much more organic matter. Therefore the reader is referred to Type 73, 
which is described immediately below. 


Brown Mixed Loam (73) 


Brown Mixed Loam is the important bottom-land soil in Piatt county. It 
occupies a total area of nearly 12 square miles. As its name implies, this type 
is not uniform. There is no well-defined horizon development. The land is 
productive unless subject to harmful overflow, as much of it is. Corn is the crop 
usually grown.’ No treatment need be applied to this soil since practically all 
of it overflows frequently enough to maintain its productive capacity. 


CHEMICAL COMPOSITION OF PIATT COUNTY SOILS 


In the Illinois soil survey each soil type is sampled in the manner described 
below and subjected to chemical analysis in order to obtain a knowledge of its 
important plant-food elements. Samples are taken, usually in sets of three, to 
represent different strata in the top 40 inches of soil, namely: 

1. An upper stratum extending from the surface to a depth of 634 inches. This stratum, 


over the surface of an acre of the common kinds of soil, includes approximately 2 million 
pounds of dry soil. 


A middle stratum extending from 624 to 20 inches and including approximately 4 million 
pounds of dry soil to the acre. 


3. A lower stratum extending from 20 to 40 inches and including approximately 6 million 
pounds of dry soil to the acre. 


bo 


By this system of sampling we have represented separately three zones for 
plant feeding. It is with the upper, or surface layer, that the following discussion 
is mostly concerned, for it includes the soil that is ordinarily turned with the 
plow and is the part with which the farm manure, limestone, phosphate, or other 
fertilizing material is incorperated. Furthermore it is the only stratum which 
can be greatly changed in composition as a result of adding fertilizing materials. 

This, of course is a’purely arbitrary division of the soil section, very useful 
in arriving at a knowledge of the quantity and distribution of the elements of 
plant food in the soil, but it should be borne in mind that these strata seldom 
coincide with the natural strata as they actually exist in the soil and which are 
referred to in describing the soil types as surface, subsurface, and subsoil. 

For convenience in making application of the chemical analyses, the results 
presented in Tables 2, 3, and 4 are given in terms of pounds per acre. It is a 
simple matter to convert these figures to a percentage basis in case one desires 
to consider the information in that form. In comparing the composition of the 
different strata, it must be kept in mind that the composition of each is based 
on a different quantity of soil, as explained above. The figures for the middle 
and lower strata must therefore be divided by two and three respectively before 
being compared with each other or with the figures for the upper stratum. 
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TaBLE 2.—PIATT COUNTY SOILS:! Piant-Foop ELEMENTS IN THE UPPER SAMPLING 
Stratum: Asourt 0 To 624 IncHES 


Average pounds per acre in 2 million pounds of soil 


Soil Total | Total | Total Total | Total 

type Soil type? organic | nitro- | phos- eo potas- |magne- ee 

No. carbon} gen |phorus| S| sium | sium |°CU™ 
36 | Light Brown Silt Loam........ 49 180] 4 230) 1 010 670| 36 350} 7 450} 7 8380 
Al imbrowisit Woam...........).. 55 740) 4 710} 1 040 700} 34 810} 8 310} 10 440 
56 | Brown Silt Loam On Drift...... DO 600| 945430) L070 .,..c- 36 500) 8 470) 8 820 
59 | Brown Silt Loam On Calcareous 

. > [DIE Aap 47 390] 4 210) 1 O00}...... 37 820| 8 340) 7 600 

66 | Black Clay Loam On Drab Clay | 75 900} 6 940] 1 800} 1 050} 34 230] 14 890} 24 660 


64 | Black Clay Loam On Calcare- 
BM OEIED Gite wes eee ae ene 63 220) 6 310) 1 580} 910) 35 910} 14 950} 21 190 


(OIG 8 6 eee eee ere 23 800) 2 100) 760) 520) 35 820} 5 860) 7.050 
17 | Brownish Yellow-Gray Silt 

Loam On Compact Medium- 

(Sogn (CS ae 25 740} 2 230 790 440} 33 470 320| 7 150 
134 | Brownish Yellow-Gray Silt 

Loam Over Sand Or Gravel..| 27 050] 2 270) 1 130] 420] 37 000| 5 920] 7 750 


1The samples representing the respective types were taken mainly in neighboring counties. 
2No samples were taken of Types 107, 77, 76, and 73, on account of their heterogeneous char- 
acter, nor of Nos. 38, 22, 16, 8, and 135, on account of their limited areas. 


Or 


Dark-Colored Soils High in Organic Matter and Nitrogen 
Among the outstanding features of the chemical make-up of these soils is 
the gradation in the quantity of organic matter as one passes from the dark- to 
the light-colored soils. The organic carbon, which constitutes about 50 percent 
of the organic matter and is used as a measure of organic matter, varies in the 
surface soil from 75,900 pounds an acre in Black Clay Loam On Drab Clay to 
less than one-third this amount, or 23,800 pounds in Brownish Yellow-Gray Silt 


Taste 3.—PIATT COUNTY SOILS:! Prant-Foop ELemMents 1n THE Mippie SAMPLING 
Stratum: Axsout 624 To 20 IncHEs 


Average pounds per acre in 4 million pounds of soil 


Soil Total | Total | Total Total | Total 
: : Total Total 
type Soil type? organic | nitro- | phos- potas- | magne- : 
ag - Ribol gen epee sulfur sium | sium calcium 
36 | Light Brown Silt Loam........ 70 960] 6 630} 1 850} 1 080) 72 790) 17 990) 15 760 
ATW Brown sult) Loam ...u. 6.66... 69 940] 6 240] 1 700] 1 140} 70 260} 20 460} 19 730 
56 | Brown Silt Loam On Drift..... AeA 1 O16 400| Ole 7 7Ollae ase 74 440] 21 520] 17 930 
59 | Brown Silt Loam On Calcare- 
OUS) DG aOR Seen 600} 5 910] 1 600}...... 79 730) 21 170) 15 320 
66 | Black Clay Loam On Drab Clay 60 270} 6 620] 2 690} 1 400) 70 760) 31 870) 41 910 
64 | Black Clay Loam On Calcare- 
Git LOSS ines ee 59 300] 5 900) 2 500} 1 200) 72 620) 33 190) 37 810 
18 | Brownish Yellow-Gray Silt 
AG's V1 G.e OR CO C ORE e 17 660} 2 190} 1 380 560] 73 620) 21 340) 14 490 


oam 
17 | Brownish Yellow-Gray Silt 
Loam On Compact Medium- 
i) MURS | CGS Rea ee 16 900} 1 830} 1 160} 760} 70 160) 19 410} 13 560 
134 | Brownish Yellow-Gray Silt 
Loam Over Sand Or Gravel ..| 19 700] 2 240] 2 060} 920] 76 640} 15 440] 13 360 


1The samples representing the respective types were taken mainly in neighboring counties. 
2No samples were taken of Types 107, 77, 76, and 73, on account of their heterogeneous char- 
acter, nor of Nos. 38, 22, 16, 8, and 135, on account of ‘their limited areas. 
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Taste 4.—PIATT COUNTY SOILS:! Puant-Foop ELEMENTS IN THE LOWER SAMPLING 
Stratum: Asout 20 ro 40 IncHES 


Average pounds per acre in 6 million pounds of soil, 


Soil Total | Total | Total Total | Total 
type Soil type? organic | nitro- | phos- i potas- |magne- oe 
No. carbon} gen |phorus|*™""} sium | sium a 
36 | Light Brown Silt Loam........ 45 800} 4 260] 2 100) 1 140/114 680) 39 080} 27 320 
Al = Brownisllteuoaim ees. ere enn 35 370} 3 780} 2 250) 1 020/108 240) 46 900} 42 220 
56 | Brown Silt Loam On Drift...... 36 010] 4 080) 2 260}...... 114 700} 48 040) 28 460 
59 | Brown Silt Loam On Calcare- 
OUST riltae, sean eee 34 810) 3 720] 1 870)...... 131 730} 48 460} 41 740 
66 | Black Clay Loam On Drab Clay | 33 270} 3 490! 3 130) 1 100/109 040} 62 640} 98 950 
64 | Black Clay Loam On Calcare- 
Ous DPiitiye, cadeerace en eee 36 230] 3 770} 2 900} 1 200)106 940) 77 430/184 030 
18 | Brownish Yellow-Gray Silt 
Losin te eee bo tee 10 960] 2 580) 2 300) 550/112 300) 45 360} 31 300 
17 | Brownish Yellow-Gray Silt 
Loam On Compact Medium- 
Rlastic:Clarvarnee ns serie tee, 20 320) 2 550) 2 340) 1 140)110 950} 40 240) 28 090 
134 | Brownish Yellow-Gray Silt 
Loam Over Sand Or Gravel. .| 15 000] 2 130] 3 180 720|106 860] 33 330] 22 380 


1The samples representing the respective types were taken mainly in neighboring counties. 
2No samples were taken of Types 107, 77, 76 and 73, on account of their heterogeneous char- 
acter, nor of Nos. 38, 22, 16, 8, and 135, on account of their limited areas. 


Loam. It will be noticed that the nitrogen content of these soils runs approxi- 
mately parallel to the organic carbon, being about one-eleventh as high. This 
relationship is explained by the fact that nearly all the soil nitrogen is organic 
nitrogen, that is, it is a part of the organic matter. One of the important 
biological processes associated with the decay of organic matter is the conversion 
of the organic nitrogen into the inorganic form of nitrate, thus making it available 
to growing crops. 


Phosphorus and Sulfur Associated With Organic Matter 


Two other chemical elements, phosphorus and sulfur, both essential for plant 
growth, are associated with the organic matter of the soil tho less completely so 
than is nitrogen. Altho variations occur with different soils, it is estimated that 
in general one-fourth to one-third of the total phosphorus in ordinary soils exists 
as organic phosphorus. Less is known of the proportion of the sulfur found in 
organic forms. However, the amount of organic matter in a soil is a rough index 
of the abundance of these various elements, all of which are associated in a 
greater or less degree. Thus, Types 64 and 66 are the highest in organic carbon, 
with more than 60,000 pounds an acre. These types contain somewhat more than 
6,000 pounds an aere of nitrogen, 1,500 to 1,800 pounds of phosphorus, and about 
1,000 pounds of sulfur. A second group of soils is represented by Types 36, 41, 
56, and 59. These average about 50,000 pounds an acre of organic carbon, about 
4,500 pounds of nitrogen, 1,000 pounds of phosphorus, and 700 pounds of sulfur. 
The lowest group, represented by Types 17, 18, and 134 contains from one-half 
to two-thirds as high a percentage of these four related elements'as the soils of 
the second group. 
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In passing to the middle and lower soil strata, the organic matter, together 
with these associated elements, decreases in amount, the decrease being less in the 
case of phosphorus and sulfur, which exist in part in mineral form. 

The quantities of sulfur in the various soils are considerably lower than those 
of phosphorus. While crops in general take more sulfur than phosphorus from 
the soil, the atmospheric supply prevents sulfur deficiencies from developing. 
The sulfur dioxid which escapes into the air in the burning of wood and coal is 
brought to the earth dissolved in rain water, the amount added to the soil ranging 
in different parts of the state from one to three or more pounds of sulfur an acre 
a month. 

Potassium Content Comparatively Uniform 

The potassium content of Piatt county soils shows relatively less variation 
from type to type than any other element studied. The average amount in the 
surface soil is approximately 35,770 pounds an acre, and the entire range thru 
all the types in the county is from 33,470 to 37,820 pounds an acre. The 
potassium concentration in the soil at different depths likewise shows very little 
variation, averaging 36,720 pounds an acre in the middle stratum, and 37,600 
pounds in the lower, when the figures are converted to the basis of 2 million 
pounds per acre. 

Wide Variations in Calcium and Magnesium 

Variations in the calcium and magnesium content of Piatt county soils are 
almost as great as those in the organic matter, as can be seen from Tables 
2, 3, and 4. 

Aside from the calcium which may be in solution in the soil water, soil 
calcium exists primarily in three forms. Calciwm-aluminum silicates are com- 
plex soil minerals which decompose but slowly and furnish but scant amounts 
of soluble calcium for plant growth. This is the form which predominates in 
most soils, particularly those which are highly acid. Calcium may be deficient 
as a plant-food element in such soils, so that the supplying of this element may 
be one of the benefits of liming. Calcium also occurs in association with the soil 
colloids (the finest of the clay particles), where it is absorbed; this is known as 
replaceable calciwm, and is much more easily obtainable by growing plants than 
the mineral form above mentioned. It is found more abundantly in the soils 
which are non-acid or only slightly acid. Soil types are occasionally found that 
grow sweet clover luxuriantly because of the abundance of replaceable calcium 
which they contain, even tho they may be distinctly acid. Calcium carbonate, 
the form contained in limestone, is the third form of calcium in soils. It occurs 
only in alkaline (sweet) soils. Of the three forms of calcium this is the most 
readily dissolved in the soil water; it is carried down to lower levels, where it 
tends to accumulate. The depth at which carbonates are found varies with the 
amount of leaching to which the soil has been subjected. While calcium car- 
bonate is not present in the surface soils of Piatt county, it may be encountered 
within the upper 40 inches in a few soil types. 

As the calcium and the magnesium in the soil water are carried downward, 
magnesium is more readily absorbed than calcium by the soil colloids, so that 
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with increasing depth there is an increasing proportion of magnesium to calcium. 
This change is the more pronounced in mature soils. For example, in Type 17 
the ratios of magnesium to calcium in the upper, middle, and lower strata are, 
respectively, .74, 1.48, and 1.43. That is, in the surface soil there is only about 
three-fourths as much magnesium as calcium, while in the second and third 
strata there is about one and one-half times as much magnesium as calcium. In 
youthful soils, where the leaching has been less intense or less prolonged, the 
ratio of magnesium to calcium shows little or no increase in the lower levels. 
For instance, in Black Clay Loam On Drab Clay the ratios of magnesium to 
calcium are, in the three respective strata, .60, .76, and .63. 

From these observations, it is obvious that some of the various processes 
involved in soil development are definitely reflected in the chemical properties 
of the soil itself. These, in turn, may be related to agricultural utilization and 
fertility requirements. 


Local Tests for Soil Acidity Often Necessary 

It is impracticable to attempt to obtain an average quantitative measure of 
the calcium-carbonate content or the acidity of a given soil type because, while 
some samples will contain large amounts of calcium carbonate (as in some 
subsoils of Piatt county), others will contain none, but on the other hand, may 
actually have a lime requirement due to the soil acidity. We thus have what 
may be considered positive and negative values ranging, perhaps widely, on the 
opposite sides of the zero or neutral point. The numerical average of such values 
could have no significance whatever, since such an average would not necessarily 
even approach the condition actually existing in a given farm or field. It is for 
this reason that the tables contain no figures purporting to represent either the 
lime requirement or the limestone present in the different soil types. 

The qualitative field tests made during the process of the soil survey are 
much more numerous than the chemical analyses made in the laboratory, and 
they give a general idea of the predominating condition in the various types 
as to acidity or alkalinity. These tests therefore furnish the basis for some 
general recommendations which are given in the descriptions of individual types 
on pages 14 to 20. To have a sound basis for the application of limestone, the 
owner or operator of a farm will usually find it desirable to determine the 
lime requirements of each of his different fields. The section in the Appendix 
dealing with the application of limestone (page 41) is pertinent and should be 
read in this connection. 


Chemical Combinations of Plant-Food Elements in Relation to Their 
Availability 
It has been seen that a given plant-food element exists in the soil in various 
forms, or chemical combinations. Thus the soil phosphorus is partly organic 
and partly in several different inorganic, or mineral, combinations. These various 
forms differ from each other in the rates at which they become available to 
growing crops. Again, calcium has been observed to be present sometimes as 
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calcium carbonate, which is quickly available in the soil, but it is generally more 
abundant as replaceable calcium, a form which is not so active yet is more or less 
available; and it is also present as calcium-alumino-silicate minerals, which de- 
compose very slowly. Statements of similar import might be made concerning 
nitrogen, sulfur, and other elements. Moreover, the proportions in which the 
different forms of a given element occur vary in different soils. When the 
importance of the rate at which plant-food elements become available is con- 
sidered in the light of these facts, it becomes apparent that a knowledge of the 
total amounts of these various elements present in a soil cannot be a very definite 
guide as to the need for applications in the form of fertilizers. 


Service of Chemical Investigations in Soil Improvement 

The chemical investigations carried out in connection with the soil survey, 
of which the analyses here reported are a part, are of value chiefly in two ways: 
In the first place, they reveal at once outstanding deficiencies or other chemical 
characteristics which alone would affect soil productivity to a marked extent, or 
point the way to corrective measures. It should be borne in mind, however, 
that fairly wide departures from the usual composition are necessary before the 
chemical analysis alone can be followed as a guide in practice without supple- 
mentary information from other sources. It is probable that the results of 
chemical soil analyses are frequently misused when attempts are made to interpret 
small differences in the amount of a certain plant-food element as indicative 
of corresponding differences in the fertilizer need. For example, differences of 
100 or 200 pounds of phosphorus an acre in soils containing 1,000 pounds or 
thereabout in the surface soil should not be considered as indicating that there 
will be a corresponding difference in response to phosphate fertilization. Again, 
100 pounds of active nitrogen an acre added by plowing down a clover crop may 
be of more importance to the succeeding crop than a difference in soil composition 
of 1,000 pounds of nitrogen an acre. As an example of the direct use of the 
results of chemical investigations the case of the need for potassium fertilization 
in peat soils as revealed by chemical analysis may be cited; another case is the 
determination of the lime need of soils by chemical tests. 

The second place in which chemical methods are useful is in the more 
detailed study of soils. The processes of soil development leave their imprint 
both in the physical conformation of a soil and in its chemical characteristics. 
Likewise every operation in the handling of the soil and every application of 
fertilizer or liming material disturbs its equilibrium, setting up new reactions, 


_— which are in turn reflected in variations in crop adaptability, producing capacity, 


and agricultural usefulness. Chemistry is a most important tool in tracing and 
characterizing such changes, and chemical investigations are undertaken with 
the aim of aiding in the classification of soils as well as making possible more 
accurate prediction of their agricultural value and fertility needs and their 
response to different methods of management. 
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FIELD EXPERIMENTS ON SOIL TYPES SIMILAR TO THOSE IN 
PIATT COUNTY 


The University of Illinois has conducted altogether about fifty soil experi- 
ment fields in different sections of the state and on various soil types. Altho 
some of these fields have been discontinued, the majority are still im operation. 
It is the present purpose to report the summarized results from certain of these 
fields located on soil types described in this soil report. 

A few general explanations at this point, which apply to all the fields, will 
relieve the necessity of numerous repetitions in the following pages. 


Size and Arrangement of Fields 
The soil experiment fields vary in size from less than two aeres up to forty 
acres or more. They are laid off into series of plots, the plots commonly being 
either one-fifth or one-tenth acre in area. Each series is occupied by one kind 
of crop. Usually there are several series so that a crop rotaticn can be carried 
on with each crop represented every year. 


Farming Systems 
On most of the fields the treatment provides for two distinet systems of 
farming, livestock farming and grain farming. 
In the livestock system, stable manure is used to furnish organie matter and 
nitrogen. The amount applied to a plot is based upon the amount that can be 
produced from crops raised on that plot. 


In the grain system no animal manure is used. The organie matter and 
nitrogen are applied in the form of plant manures, including the plant residues 
produced, such as cornstalks, straw from wheat, oats, clover, ete., along with 
leguminous catch crops plowed under. It was the plan in this latter system to 
remove from the land, in the main, only the grain and seed produced, except in 
the ease of alfalfa, that crop being harvested for hay the same as in the livestock 
system, but certain modifications have been introduced in recent years, as ex- 
plained in the descriptions of the respective fields. 


Crop Rotations 

Crops which are of interest in the respective localities are grown in definite 
rotations. The most commen rotation used is wheat, corn, oats, and clover; 
and often these crops are accompanied by alfalfa growing on a fifth series. In 
the grain system a legume catch crop, usually sweet clover, is included, which 
is seeded on the young wheat in the spring and plowed under in the following 
spring in preparation for corn. If the red clover crop fails, soybeans are 
substituted. 


Soil Treatment 


The treatment applied to the plots at the beginning was usually standardized 
according to a rather definite system. With advancing experience, however, new 
problems arose calling for new experiments, so that on most of the fields plots 
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have been divided and a portion given over to new systems of treatment, at the 
same time maintaining the original system essentially unchanged from the be- 
ginning. 

Following is a brief explanation of this standard system of treatment. 

Animal Manures.—Animal manures, consisting of excreta from animals, with 
stable litter, are spread upon the respective plots in amounts proportionate to 
previous crop yields, the applications being made in the preparation for corn. 

Plant Manures.—Crop residues produced on the land, such as stalks, straw, 
and chaff, are returned to the soil, and in addition a green-manure crop of sweet 
clover is seeded in small grains to be plowed under in preparation for corn. (On 
plots where limestone is lacking the sweet clover seldom survives.) This prac- 
tice is designated as the residues system. 

Mineral Manures.—Limestone has usually been applied at the rate of 4 tons 
an acre as an initial application, and 2 tons an acre every four years thereafter 
until a considerable excess has accumulated in the soil. Rock phosphate has 
been applied at the rate of one ton an aere at the beginning, followed by an 
annual acre-rate of 500 pounds applied onee in the rotation until a considerable 
excess has accumulated. Potassium has been applied usually in the form of 
200 pounds of kainit a year. When kainit was not available, owing to conditions 
brought on by the World War, potassium carbonate was used. 


Explanation of Symbols Used 
Following is a key to the svmbols used in describing soil treatments and 
reporting results from their use. 
0 = Untreated land or check plots 


M = Manure (animal) 

R = Residues (from crops, and includes legumes used as green manure) 

L = Limestone 

P = Phosphorus, in the form of rock phosphate unless otherwise designated, 
(sP=superphosphate, bP=bene meal, rP=rock phosphate, slP=slag 
phosphate) 

K = Potassium (usually in the form of kainit) 


() = Parentheses enclosing figures, signifying tons of hay, as distinguished 
from bushels of seed 


DIXON FIELD 
A summary of the results from the Dixon experiment field are presented 


_ here, inasmuch as the soil of this field is similar to some of that found in Piatt 


county. (See discussion of Light Brown Silt Loam, page 14). This field includes 
about 21 acres and is laid out into two general systems of plots, a major and a 
minor system. The results from the major system will be considered here. 

The rotation practiced has been wheat, corn, oats, and clover. The treatment 
of the plots and management of the crops were, for the most part, maintained 


_ up to 1922 according to the general plan described on pages 26 and 27. The most 


important modification of the plan has been the discontinuance, within the last 
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Fic. 6—CLOVER ON UNTREATED LAND, DIXON FIELD 


A cutting of red-clover hay obtained from an untreated plot. Compare with the 
crop shown in Fig. 7. 


few years, of the applications of limestone, phosphate, and straw residues, after 
the total quantity of limestone applied had reached the average amount of 8 tons 
an acre and the total phosphate 4 tons an acre. 

Table 5 gives a summary of the results in terms of the average annual crop 
yields obtained since the plots have been under complete treatment. 

In considering these results, the most striking feature to be observed is the 
outstanding effect of farm manure. The average annual increase due to the use 
of manure alone has amounted to over 19 bushels of corn an acre, more than 14 
bushels of oats, 614 bushels of wheat, nearly 34 of a ton of clover, and 14 of a ton 
of soybean hay. 

Organic manure in the form of crop residues has also produced increases 
in yields altho not to the extent of those produced by animal manure. 


Tasie 5.—DIXON FIELD: Summary or Crop YIELDS 
Average annual.yields, 1912-1929—Bushels or (tons) per acre 


Serial Wheat Corn Oats Barley Clover! | Soybeans 

plot | Soil treatment 

No. 14 crops 18 crops 17 crops 1 crop 11 crops 5 crops 
TRO Wh, ces’, RR 20.8 37.1 48.2 43.3 (1.79) (1.50) 
ZW se nee 27.3 56.4 62.4 46.4 (2.47) (1.75) 
Bo Ua G PE ae Aes © 31.3 61.2 66.3 55.2 (2.67) (1.87) 
Aa IVE Pere lenens 34.1 63.7 68.0 58.3 (2.80) (1.91) 
coy balhal Ores s heen Reet 22.3 41.8 54.1 49.5 (1.49) (G27) 
GUAM bya enna 25.1 48.8 57.2 53.8 (1.56) (1.48) 
ha IP NEO Wa 28.5 56.6 62.1 54.5 (1.89) (1.40) 
Sie EU P aeee ene 32.5 58.0 64.4 59.0 (2.12) (1.38) 
OFF RL EKG 33.6 61.9 63.9 56.9 (2.24) (1.42) 
OU sOes: Seer tepn Oa 40.8 One 45.4 (1.90) (1.46) 


1 Including some seed evaluated as hay. 
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SWEET CLOVER | Be NEE : : 
ih LIMESTONE ees : 


Fia. 7.—CLOVER ON TREATED LAND, DIxon FIELD 
A eutting of red-clover hay produced under the residues-limestone-phosphate treat- 
ment. Here we have a yield of 1,319 pounds, more than two and one-third times the 
yield on the untreated land. 


Limestone in addition to organic manures has, with a single exception, ef- 
fected more or less improvement. On the whole it has become increasingly prof- 
itable, so that in the last rotation period it has returned a net profit of $5.50 per 
ton of limestone in the manure system and $7.00 in the residues system. 

Rock phosphate, as usual, shows up to best advantage when used with resi- 
dues on the wheat crop. The effect on other crops, however, has been such that 


the increases in yield are not sufficient to cover the cost of the application under 


existing market conditions. 

Altho potassium has produced an average increase of about 4 bushels an 
acre in corn, the effects on other crops are such as to render its use unprofitable 
in growing these common field crops. 


BLOOMINGTON FIELD 
The experiments on the Bloomingtcn field are of interest in connection with 
the management of Brown Silt Loam. This field is located in McLean county, 
northeast of the city of Bloomington. The work was started in 1902. Altho a 
fairly long period of years has been covered in these experiments, the field has 
only a single series of plots, so that only one kind of crop is represented each 


season. The crops employed have been corn, corn, oats, clover, and wheat; and, 


since 1905 they have been grown in the sequence named. 

Commercial nitrogen applied in the form of dried blood was used in the 
early years up to 1905, when crop residues and clover were substituted. For 
twenty years all the phosphorus on this ficld was applied in the form of steamed 


- bone meal at the rate of 200 pounds an acre a year. 


Table 6 presents a summary of the work to 1923 by average annual yields. 
The comparisons in the lower part of the table show the effect of the different 
plant-food materials in the various combinations in which they were applied. 
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TaBLE 6.—BLOOMINGTON FIELD: Summary or Crop YIELDS 
Average annual yields 1902-1923—Bushels or (tons) per acre 


\ 
Serial Corn Oats | Wheat Clover? 
plot Soil treatment 
No. 10 crops 4 crops 4. crops 3 crops 
1 O\scesre oe reno tere tecicta tla tenederscsieiees 44.6 40.6 26.5 ( .74) 
2 Lip ete Re eRe ea Se ore Let NORE nears seer 41.5 44.7 24.1 ( .80) 
SS) ja UF Ae va a OM EE oe chenentn ater 47.5 46.2 27.9 ( .88) 
4 TSP oe eee ws trae ers Raat heres aer eae 55.8 54.3 45.7 (2.54) 
5 AD Cue ae RnR cha ts CAE nn Byrn Gua. 46.2 43.5 25.5 ( .90) 
Oi.) LR b Patent te Ric erica ane mee eres 60.6 66.0 49.7 (1.19) 
EV LAR Kiger eee eae Re on Cee ee eee tore 48.6 46.8 PAE RS ( .82) 
aryl ie oi oad SEA Set MS a Bn = rier ect pa chioe 60.9 Stie 44.5 (2.44) 
9 IY S ao) ag < Gers ren heli Ame tin nif 64.2 63.1 50.4 C382) 
10 IRDR IG ans Seno ee ee 58.8 52.8 49.3 ( .83) 
Crop Increases 
For limestone 
L OVER Obs eiaeee Brn tino cate leo erento rene — 3.5 4.1 — 2.4 ( .06) 
DRDEKeover RDRKaa eee See eee 5.4 10.3 Le —( .02) 
For residues 
LR DVGL. arent oats eas ae Ee 6.0 125 3.8 ( .08) 
RDP Covers b Pas oan teak tie fie ree 4.8 a ee 4.0 — (1.35) 
RK over cls era ee ta en ee ee 2.4 3.3 2.0 —( .08) 
IDR DP Kiover (GDR ove ee eee eee 3.3 5.9 5.9 — (1.63) 
For phosphorus 
LbP over sic, sce eo ae ee ae 14.3 9.6 2156 (1.74) 
RDP: \ over dae acc. cacao yan! 19.8 21.8 (ead) 
LbPRs Over iKeyas 4 ashy.» nse eter 14.7 13.7 19.0 (1.54) 
IPERS overs oR) Kaen eee ee ee 15.6 16.3 22.9 —( .01) 
For potassium 
LK OVERS. pric On ce ee ae 419 — 1.2 1.4 ( .10) 
ERs “over Ren. iis 2 oe eee aaah 6 — .4 —( .06) 
bP soveriib Panter ree ce ener ae I 2.9 =— 1.2 —( .10) 
URDEKover Rb eer ee e 3.6 — 2.9 Pi —( .38) 


1Two crops of seed on Plots 3, 6, 7, and 9 evaluated as hay. 


The value of limestone on this field is difficult to assess on account of the 
erratic results found upon comparing Plots 1 and 2. Here both corn and wheat 
appear to have suffered from the application of limestone, but the difficulty may 
well be attributable to soil variability. Comparing Plots 9 and 10, it would 
appear that in combination with residues, phosphorus, and potassium, the lime- 
stone on the whole was beneficial. 

The residues treatment, supplying organic matter and nitrogen, shows a 
beneficial effect on the grain crops, but not on the clover. 

The prominent feature of the results on the Bloomington field is the effect 
of phosphorus. In all of the grain crops, on every plot where bone meal was 
applied, there was a remarkable response to the treatment, as shown by the in- 
creases in yields. This response appears in all the combinations, even without 
the presence of residues, altho in combination with either residues or potassium 
the effect is accentuated. For example, comparing Plot 3 with Plot 6 (limestone 
and residues, with limestone, residues, and phosphorus) we find 'that the phos- 
phorus treatment produced an average annual increase in the yield of corn of 
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about 13 bushels an acre, while the yield of oats was increased by about 20 bush- 
els, and that of wheat by about 22 bushels. Similar increases, tho not so pro- 
nounced, appear in comparing Plot 5 with Plot 8, where potassium instead of 
residues was present. 

Quite different are the results from the use of potassium on this field. The 
potassium was applied mainly in the form of potassium sulfate, but in 1917 
when this material became unavailable thru war conditions, potassium carbonate 
was substituted. There was a moderate increase in the corn yield where potas- 
sium was used and particularly where residues were absent. Otherwise, the 
small gains shown on some plots are offset by losses on other plots, but these 
small differences are probably well within the limits of experimental error. 

Thus it appears that on this field, under this system of farming, the lack of 
phosphorus is the outstanding limiting factor in production and the application 
of this element in the form of steamed bone meal is attended by a high financial 
profit. 

New Phosphate Experiments 

In view of this remarkable response to bone meal on the Bloomington field, 
it was of interest to know how other carriers of phosphorus would behave, and 
accordingly some experiments were planned to investigate this question. For 
this purpose, the plots were divided in 1924 and certain new treatments were 
applied in order to compare the effects of rock phosphate and of superphosphate 
with bone meal, and at the same time to determine the residual effect of the 
accumulated phosphorus resulting from the continuous application of the bone 
meal in presumably somewhat excessive amounts. The following modifications 
of the original plots were introduced : 

An extra plot, No. 11, was added to the series and all plots were divided 
‘into north and south halves. Residues, including cornstalks, the second crop of 

red clover, and other leguminous green manure crops are plowed down on all 
plots except Plot 1-S. Different phosphorus carriers are applied at the following 
acre-rates per rotation: bone meal, 1,000 pounds, to Plots 2-N, 4-N, 6-N, 8-N, 9-N, 
and 10-N; rock phosphate, 2500 pounds, to Plots 3-N, 5-N, 7-N, and 11-N; super- 
phosphate, 1,000 pounds, to Plots 3-S, 5-S, 7-S, and 11-S. Two-fifths of the rota- 
tion application of these phosphates is made preceding the oats crop, two-fifths 
ahead of the wheat crop, and one-fifth in preparation for the corn crop. 

Table 7 indicates the arrangement of these modified plots and also gives 
the results of the six years in which these later experiments have been in progress. 

In arriving at the financial results presented in the table, the values of the 
crops are based upon December 1 farm price quotations for the years in which 
_ the respective crops were produced. In deducting the annual cost for the dif- 
ferent treatments, the total amounts of materials applied during the entire period 
of operation on the field were prorated excepting in the case of the new phos- 
phate applications, for which the regular annual acre-rate is charged. The ex- 
_ pense for limestone is reckoned here at $3 a ton, rock phosphate at $15, super- 
phosphate at $32, bone meal at $48, potash estimated as potassium sulfate at 
$70, and residues at 75 cents an acre. 


32 Som Report No. 47 
TasLe 7.—BLOOMINGTON FIELD: New PuospHats EXPERIMENTS 
Crop yields and values 1924-1929—Bushels or (tons) and dollars per acre 
5 \ 
Soil treatment 1924 | 1925 | 1926 | 1927 | 1928 | 1929 | Average annual acre-value 

Plot 

No. Oats | Clover] Wheat} Corn | Corn | Oats Cost of 

Previous Present Gross treat- Net 
ment 

PN Oleve neva Ree iatoncetie ae 60.6 | ( .79)| 29.3 | 49.8 | 49.0 | 62.8 | $28.59 | $ .75 | $27.84 
Lass Okie: prove laisieteretern Occasions sin etnies 58.4 | (2.54)} 19.5 | 41.0 | 33.4 | 60.3 ZONOE Tlie etctere.e © 28.04 
Ba |. Ls. denen eras RLP (bone)..... 72.6 | (1.63)} 35.0 | 58.6 | 52.2 | 60.6 34.19 6.49 27.70 
Dere Lil aahsaw sidatatees MEyshavsverelewecsieta’e 53.2 |( .75)| 18.7 | 46.0 | 35.2 | 51.6 22.95 1.69 21.26 
3-N | RL.......4#...] RLP (rock)....| 68.2 |(2.18)] 32.5 | 63.6 | 64.6 | 57.2] 86.60] 3.67 33.03 
SAW Ry, & citaenee ot RLP (super)....} 71.3 | (1.74)| 41.0 | 67.6 | 59.6 | 66.9 | 37.95 | 4.89 33.06 
4-N | LP (bone)...... RLP bone)!..... 57.6 | (1.81)| 37.3 | 60.0 | 49.6 | 58.4 33.67 6.49 27.18 
4-S | LP (bone)...... RLP (bone)?....} 67.2 | (1.89)| 36.7 | 63.6 | 60.0 | 65.0 36.59 5.17 31.42 
OT ial Ds Spa ee ie RLKP (rock)...} 63.2 | (1.66)| 32.5 | 61.4 | 56.2 | 57.2 33.59 6.17 27.42 
bo Jn lage Bt « Pree ie es RLKP (super). .| 78.4 | (1.59)} 40.7 | 69.4 | 55.6 | 65.3 36.90 7.49 29.41 
6-N | RLP (bone)....}] RLP (bone)!....| 68.8 | (2.18)| 40.5 | 60.8 | 55.8 | 66.9 87.57 6.49 31.08 
6-S | RLP (bone)....} RLP (bone)?....| 71.6 | (2.21)| 40.0 | 64.2 | 60.4 | 73.4 39.13 5. 17 33.96 
TAN | RG chivas RLKP (rock)...| 71.2 | (2.11)} 35.3 | 66.4 | 58.4 | 64.1 37.29 6.17 31.12 

R=Sul Ras eee RLKP (super). .| 80.9 | (1.66)| 40.7 | 74.8 | 62.8 | 69.4 | 39.82] 7.49 32.33 
8-N | LKP (bone)....| RLKP (bone)!. .| 60.9 | (1.69)| 39.2 | 67.4 | 56.2 | 64.1 | 36.02] 9.09 26.93 
8-S | LKP (bone)....| RLKP (bone)?..| 65.0 | (1.59)| 36.0 | 69.4 | 63.0 | 70.9 36.91 aedid. 29.14 
9-N | RLKP (bone) ..| RLKP (bone)!..| 60.9 | (2.18)| 43.8 | 75.8 | 60.4 | 67.2 | 39.95] 9.09 30.86 
9-S | RKLP (bone) ..| RLKP (bone)?..| 72.2 | (1.65)| 41.5 | 77.8 | 62.6 | 71.6 39.75 Midla 31.98 
10-N | RKP (bone)....| RKP (bone)!....| 48.2 | (1.93)| 45.7 | 56.6 | 51.2 | 60.3 34.87 8.15 26.72 
10-S | RKP (bone)....] RKP (bone)?....} 51.2 | (1.53)| 43.0 | 60.6 | 58.0 | 68.4 35.31 6.83 28.46 
11-N (3) RP (rock)...... 70.4 | (1.68)| 45.3 | 61.8 |] 47.4 | 60.6 | 36.06 | 2.63 33.43 
11-8 (3) RP (super)..... 60.0 | (1.78)| 44.5 | 63.0 | 57.2 | 69.7 37.24 3.95 33.29 


1Bone meal applications omitted from 1917 to 1924. 2No bone meal applied since 1917. %New plot added in 1924 


It should be mentioned in considering the results that the soil of these plots 
is rather variable, with little provision for duplication; and also, that some o: 
the treatments are not now strictly comparable with one another on account 0: 
the previous history of the plots. Nevertheless, making allowances for thes 
facts, certain figures in the last column of the table showing the net average acr 
value per year indicate effects worthy of consideration. 

In answering the question whether other carriers of phosphorus would be 
as effective as bone meal in building up this soil, attention is called to the result: 
on Plots 2-N, 3-N, and 3-S, where bone meal, rock phosphate, and superphosphat« 
respectively have been employed in addition to limestone and residues. Un 
fortunately the comparison here is not altogether perfect in that the residue 
treatment on Plot 2-N was not introduced until 1924, whereas the other two plot: 
had been under residues in the old system before the present experiments wer 
begun and may therefore have an advantage in this respect over the bone-mea 
plot. However this may be, the results as they stand at present. place both rocl 
phosphate and superphosphate ahead of bone meal. 
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Between rock phosphate and superphosphate four direct comparisons in dif- 
ferent combinations with other materials are afforded (Plots 3, 5, 7, and 11). 
In some years on some plots the results are in favor of superphosphate; in other 
years on the same plots the reverse is true. As the results stand at present the 
majority are in favor of superphosphate, but their inconsistency makes it difficult 
to come to any final conclusion. It may be noted that in these comparisons the 
two materials are not applied in amcunts proportionate to equal cost as in other 
eases reported. Here 200 pounds an acre a year of superphosphate figured at 
$3.20 are applied against 500 pounds of rock phosphate valued at $3.75 an acre 
a year. 

For light on the question of the residual effect of accumulated phosphorus in 
the soil, attention is called to the results on Plots 4, 6, 8, 9, and 10, where the 
north half-plots are now regularly receiving bone meal, and where the south 
halves have received no bone meal since 1917. Invariably the net return is higher 
on the south half, thus indicating that the reserve phosphate accumulated in the 
soil from previous applications is still exerting a beneficial effect that is more 
than adequate to offset the expense involved in renewed applications. 

By way of a summary of the main lessons brought out at this time by the 
Bloomington experiments, the following statements may be made. 

1. The results indicate an outstanding phosphorus hunger. 

2. This phosphorus need is satisfied by the application of either bone meal, 
rock phosphate, or superphosphate. 

3. There is a pronounced residual effect from previous excessive applications 
of phosphorus carried in the form of bone meal. 


MORROW PLOTS 
As representing the soil type Brown Silt Loam, the field experiments on the 


_ Morrow plots, which have been continued for more than half a century, will be 


of special interest. 

The Morrow plots are located on the campus of the University of Illinois. 
This series now consists of three plots divided into halves, and the halves are sub- 
divided into quarters. On one plot corn is grown continuously; on the second, 
corn and oats are grown in rotation; and on the third, corn, oats, and clover are 
rotated. The north half of each plot has had no fertilizing material applied from 
the beginning of the experiments, while the south half has been treated since 
_ 1904. Besides farm manure, phosphorus has been applied in two different forms: 
rock phosphate to the southwest quarter at the rate of 600 pounds and steamed 
bone meal to the southeast quarter at the rate of 200 pounds per acre per year 
up to 1919, when the rock phosphate was increased sufficiently to bring up the 
total amount applied to four times the quantity of bone meal applied. In 1925 
the phosphates were evened up to a total of 3,300 pounds of bone meal and 13,200 
pounds of rock phosphate and their application discontinued. In 1904 ground 
_ limestone was applied at the rate of 1,700 pounds an acre to the south half of 
each plot, and in 1918 a further application was made at the rate of 5 tons an 
acre. From 1903 until 1920 legumes were seeded in the corn on the south half 
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Fig. 8——CorN ON THE Morrow PLOTS IN THE THREE-YEAR ROTATION 

Both of these plots are under a good crop rotation of corn, oats, and 
clover. No soil treatment is applied to the plot at the left, while that at 
the right receives manure, limestone, and phosphate. The one is yielding at 
the rate of 49 bushels an acre, the other at 67 bushels. 


of each plot. Legumes, chiefly red clover until 1918 and sweet clover since that 
time, have been seeded in the oats on the south half of Plot 4. 

Summarizing the data from these Morrow plots into two periods, with the 
second period beginning in 1904, when the treatment began on the half-plots, 
some interesting comparison are brought out in Table 8. In the first place we 
find in the untreated, continuous-corn plot a marked decrease in the second period 
in the average yield of corn, amounting to one-third of the crop. In the two- 
year rotation there is a decrease in both corn and oats production. The averages 
for the three-year system on the untreated land show a slight inerease in corn 
yield, a small decrease in oats, and a considerable reduction in clover. 

Crop rotation has noticeably improved the yields over continuous corn grow- 
ing. The three-year rotation has been more effective than the two-year rotation 
in maintaining yields over the entire period. The two-year rotation, however, has 
been gaining on the three-year rotation in recent years probably because of the 
influence of sweet clover. 

The inerease brought about by soil treatment stands out in all eases, showing 
the possibility not only of restoring but also cf greatly improving the productive 
power of this land that has been so abused by continuous cropping without 
fertilization. Thruout the season the crops growing on the treated soil are usually 


TaBLE 8.—URBANA FIELD, Morrow Piots: GmNERAL SUMMARY 
Average annual yields—Bushels or (tons) per acre 


Corn Two-year rotation Three-year rotation 
Years Soil treatment every 
year 
Corn Oats Corn Oats Clover 
1888 16 crops | 9 crops 6 crops 4 crops 4 crops 4 crops 
to 
ISOSUP None ar ae ee 39.7 41.0 44.0 48.0 47.6 (2.03) | 
1904 26 crops | 13 crops | 13 crops | 9 crops 9 crops 8 crops 
to INOQDG sr pecan ue ee 24.7 34.2 34.0 49.3 46.3 (1.49) 
INS PA Cony WB 2» nae b onidinas 5 bon 40.0 60.9 59.2 67.2 — 64.1— (2.83) 


Priatr CouNTY 35 


at a more advanced stage of development than those growing on the untreated soil. 
In corn this shows up at husking time in drier, sounder ears than those found 
on the untreated land. 

An important principle of soil management is demonstrated in these experi- 
ments; namely, that the best results are not obtained thru crop rotation alone 
nor thru soil fertilization alone, but it is the combination of these two practices 
that brings out the highest possibilities for production. 

The practices in rotation and soil treatment which have been the most effec- 
tive in increasing the crop-producing capacity of the soil have also been in this 
case the most profitable financially. These better practices not only have in- 
ereased the yields but they have made possible a greater economy in production, 
an important factor in inereasing farm profits. 

For further information concerning these long-time soil experiments, the 
reader is referred to Bulletin 300, ‘‘ Lessons from the Morrow Plots,’’ where these 
investigations are described and discussed in detail. 


HARTSBURG FIELD 

More than one-third of the area of Piatt county is occupied by soil somewhat 
similar to the Black Clay Loam upon which the Hartsburg experiment field is 
located. This field is situated in Logan county just east of the town of Hartsburg 
and has been in operation since 1911. 

The field is laid off in five series of ten plots each. The crop rotation up 
to 1923 was wheat, corn, cats, and clover, with alfalfa growing on a fifth series. 
The crops were handled mainly as described on pages 26 and 27 until 1918, 
when it was planned to remove one hay crop and one seed crop of clover from the 
residues plots. In 1921 it was decided to harvest all the clover as hay. At that 
time the return of the oat straw to the land was discontinued. In 1922 the return 
of the wheat straw was likewise discontinued. The application of limestone was 
discontinued in 1922, after amounts ranging from 714 to 10 tons an acre on the 
different series had been applied, and no more will be added until further need 
for it becomes apparent. In 1923 the phosphate applications were evened up to 
a total of 4 tons an acre on all phosphate plots, and no more will be applied for 
an indefinite period. At that time the rotation on the first four series was changed 
to corn, corn, oats, and wheat with a seeding of hubam clover in the oats on all 
plots and a seeding of biennial sweet clover in the wheat on the residues plots. 
The rotation was changed also on the fifth series to corn, oats, wheat, and a mix- 
ture of alfalfa with red clover. The soil treatments are as indicated in Table 6, 
which summarizes by crops the yields for the period during which the plots have 
been under full treatment. 

The outstanding feature of the results on the Hartsburg field is the large 
 inereases produced by organic manure, whether in the form of crop residues or 
stable manure. The behavior of limestone is rather peculiar in that it has been 
more beneficial where applied with manure than where used with residues. Used 
with manure it has caused some increase in practically all crops, while with 
_ residues its effect on several of the crops appears negative. 
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TaBLE 9.—HARTSBURG FIELD: Summary or Crop YIELps 
Average annual yields 1913-1929—Bushels or (tons) per acre 


ed 
eS” 


peieg Wheat | Barley | Corn | Oats | Clover} Soy- | Alfalfa | Stubble 

No Soil treatment beans clover 

sek 16 crops| 1 crop |\26 crops|18 crops| 8 crops | 2 crops | 8 crops | 3 crops 
MANO lao saeaeetd een ele 24.6 | 35.4] 46.4] 47.8 | (1.86) | (1.29) | (3.47) | ( .62) 
2! ‘ls Mego eo teres 27.6 | 44.2] 56.5] 52.1 | (2.21) | (1.64)) (67) | ( 282) 
Fy We BD Fee Ais ice Ooh tein 33.6} 50.0] 63.8] 57.8 | (2.385) | (1.82)] (8.91) | ( .74) 
A NEP nee 35:4} 50.0} 62.8] 56.9 | (2.48) | (1.92) | (4.19) | ( .83) 
sill Or (eter tnt ys ne at nak: 28.0 | 42.7] 51.2] 46.8 | (1.66)| 25.8 | (8.38) | ( .58) 
6 allit Broan Se ee 31.1 | 47.5) 62.9} 52.4 | (2.00)|. 26:8] (86.78) | ( .96) 
ff RL ais ah earn ae 28.8 53.3 66.6 50.9 | (1.99) | 28.4 | (8.45) | ( .72) 
Bh 1 TRIE Ger. perce eer 33.0 | 46.9 | 66.9] 54.7 | (2.04)| 26.1 | (4.04) | ( .93) 
9 REP Ke Ace ee 32.6 55.6 65.4 54.1 | (1.99 26.4 | (4.16) | (1.04) © 
ge beeen ae tea: 29.1| 45.8| 51.7] 47.4 | (2.09) | (1.69) | (3.20) | ( .54) 


Altho rock phosphate has given some increases in wheat yield in both the 
manure and the residues systems, the results with other crops have been such as 
to render the use of this material unprofitable on this field. The addition of po- 
tassium appears to have produced no significant effect except on the one barley 
crop. 


APPENDIX 
PRINCIPLES OF SOIL MANAGEMENT 


Clear thinking on the complex problems of soil management must start with 
a realization that there are many different kinds of soils, each differing from the 
others in soil characters. The fertilizer, management, and cropping require- 
ments of each kind of soil are not yet fully worked out, altho knowledge regard- 
ing the agricultural significance of the various soil types recognized in the soil 
survey is rapidly accumulating. 

Soils are dynamic, exceedingly complex, natural bodies made up of organic 
and inorganic materials and teeming with life in the form of microorganisms. 
Because of these characteristics, soils cannot be considered as reservoirs into 


which given quantities of an element or elements of plant food can be poured 


with the assurance that they can be expected to respond uniformly to a given 


_ set of management standards. To be productive a soil must be in such condition 


physically with respect to structure and moisture as to encourage root develop- 
ment; and in such condition chemically that injurious substances are not present 
in harmful amounts, that a sufficient supply of the elements of plant food be- 


- come available or usable during the growing season, and that lime materials are 


present in sufficient abundance to favor the growth of higher plants and of 


/ . . . 
beneficial microorganisms. 


It is obvious that in order to fulfill these conditions no single system of soil 
treatment can be laid down for all situations. The long-time records frorn 


numerous soil experiment fields scattered over Illinois demonstrate strikingly 
_ that different soils require different management practices. Some soils are natur- 
ally so productive that no fertilizer treatment yet tried has succeeded, on a 


paying basis, in raising the crop yields over their natural capacity. On the 


_ other hand, there are other soils so poor that altho under proper treatment the 


yield can he increased many fold, the plane of production under the best man- 


agement known is still so low that it is questionable whether it pays to farm the 
land at all. Between these two extremes all grades of productivity are found. 


_A further significant fact brought out in a study of these experiment fields is 


that a given piece of land seldom responds to soil treatments in the same manner 
thruout its history. The most efficient treatment during one rotation period 
does not necessarily remain the most efficient in another period. 

Thus it appears that soil management is a complex matter even when con- 


sidered from only one side of the problem, namely, that of producing crops. In 


addition to these complexities connected with preduction, however, are those hav- 


- ing to do with the everchanging economic conditions by which market prices are 
affected. Whether a certain yield produced by a given soil treatment will be 
profitable depends directly upon the price of produce as well as upon the cost 


of the treatment, and every farmer knows only too well something of the violent 
fluctuations in market prices that have taken place in recent years. Further- 
more, costs of fertilizing materials change from time to time, and these changes 
do not necessarily run parallel with the fluctuations in value of farm products. . 
37 
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With these facts in mind it is not difficult to understand that, from the stand- 
point of financial profits, a soil-management practice perfectly recommendable 
this year may become wholly unprofitable in another year and, vice versa, a 
practice that is unprofitable under present conditions may become highly profit- 
able at another time. 

The above remarks suggest something of the difficulty of preseribing definite 
recommendations for specific soil treatments and of the futility of making 
blanket recommendations to cover the requirements of all soils and all crops at 
all times. In mentioning these difficulties there is no intention to discourage 
efforts at planning programs of soil improvement; the purpose, rather, is to set 
forth some of the uncertainties involved and, in particular, to warn against hasty 
conclusions based upon seanty experience or superficial observation. 


In spite of the many complexities involved in the problem of soil improve-~ 


ment, there are certain broad, underlying principles that are basic and that must 
be taken into consideration in laying out any improvement program. Under- 
lying the permanent and profitable productivity of the soil is the maintenance 
of good physical condition, favorable biological activity, a suitable soil reaction, 
and an adequate supply of available plant-food elements during the growing 
season. The chief practices which accomplish these ends are— 


1. Adequate drainage 

2. Protection from erosion 

3. Application of limestone where necessary 

4. A good cropping system, including suitable legumes for soil iunebvoment 
5. Provision for active organic matter by returning regularly animal and 


plant manures 
6. Purchase of mineral plant-food elements to supply deficiencies 


PROVIDING ADEQUATE DRAINAGE 

Adequate drainage is recognized as essential for the consistent production 
of satisfactory crops. Crops vary, however, in their ability to endure poor drain- 
age. Alsike clover, for example, is better adapted to wet land than is red clover. 
Some bottom lands produce excellent summer crops but cannot be used for win- 
ter crops because of flooding. Altho such lands may not be well drained, it is 
often possible to raise good crops of corn on them year after year, because, as a 
result of frequent overflow, they receive periodically a fresh deposit of soil 
material. Such a practice on poorly drained upland would not be feasible. 
Upland soils, with few if any exceptions, require a well-planned cropping system 


if they are to be utilized most efficiently, and such a system is difficult to follow | 


unless adequate drainage is provided. 

Soils differ in permeability and consequently in their response to the in- 
stallation of tile. There are soils in the southern and southwestern parts of IIli- 
nois, occupying a large total area, which cannot be drained successfully with 


tile because they have an impervious, clay-pan subsoil. In the east-central part 
of the state there is a soil occupying a considerable area which does not under- | 
drain well because of an impervious glacial drift which comes to within 30 


inches or less of the surface. 
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The soils of Illinois may well be artificially underdrained with the exception 
of those noted above. The soils which cannot be underdrained must be drained 
by means of open ditches and furrows or by means of a combination of open 
ditches, furrows, and tile provided with manholes thru which the water may 
enter the tile. In some soils the efficiency of the tile may be greatly increased 
by starting to fill the tile ditches with top-soil instead of with the more im- 
pervious material taken from the bottom of the ditches. 

There are some soils in Illinois that cannot be satisfactorily drained either 


_by tile or by open ditches. There should be no attempt to utilize such soils for 


general farming purposes. 


PROTECTING SOIL FROM EROSION 

The erosion problem is a serious one in Illinois. We are accustomed to think 
of erosion as being harmful only on rough and strongly rolling land. This seems, 
however, to be far from the truth. 

The land surface subject to erosion in Illinois might be considered to include 
three groups of soils based on steepness of slope. The first group might be char- 
acterized as being subject to destructive erosion. Land of this character is lo- 
eated, for the most part, adjacent to streams and comprizes a total area in the 
state of some 7,000 square miles. Land subject to destructive erosion, is for the 


4 . . e . . 
most part unsuited to general farming. If used for this purpose, erosion is so 


difficult to control that the returns do not justify the expense involved. Some 
of the land of this character may be used for orcharding and some of it may be 


used for permanent pasture but a large proportion of it is suitable only for timber. 


A second group of erodible soils may be considered to include land suitable, 
under proper protection, for permanent pasture and orcharding but unsuited 
to general farming because of the steepness of the slopes resulting in destructive 
erosion if tilled. Land of this general character includes some 8,000 square miles. 
Terracing is recommendable on land of this character as affording a relatively 
inexpensive and an effective means of reducing erosion. There will be times 
however when erosion will he severe on land of this general character even on 
fields where the best known methods of control are being used. 

Generally speaking the two groups mentioned above comprize land of rela- 
tively low agricultural value, as this term is commonly understood. If, however, 
certain of these soils are used for purposes for which they are adapted, they may 
be of considerable or, in some eases, of high value. 

A third group comprizes the gently rolling to rolling land thruout the north- 
ern two-thirds of the state. Some 25,000 square miles may be included in this 


eroup. This land has a high value for general farming but is subject to harmful 


erosion and much of it is being seriously damaged thru the removal of surface 


soil by running water. The erosion problem presented by this third group is 


probably of more serious concern than that presented by either of the other two 


because of the high value of the land involved. Erosion can be controlled on a 


large proportion of this land by means of a good cropping system. Provision 
should be made for a protecting cover of vegetation particularly in the fall and 
spring. Cornstalks rolled down at a right angle to the slope are very effective in 


= 
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Fig. 9—Proper Som TREATMENT AND CROPPING WOULD HAVE PREVENTED THIS CONDITION 
This abandoned hillside is just over the fence from the field shown in Fig. 10. 


reducing erosion on this gently sloping land. Long shallow draws may often 
be kept in permanent sod to great advantage. Broad base terraces may be 
effectively used where the slope is a little too steep for effective control to be 
secured with a good cropping system only. It is surprising however how effec- 
tive a good cropping system is in decreasing washing. Experimental results in- 
dicate that on relatively gentle slopes of about 4 percent the surface seven inches 
of soil may be washed off in about twenty-five years where a poor eropping sys- 
tem is used, and that the use of a good eropping system alone will extend the 
time for the removal of the same amount of soil to some 350 years. 

The method or combination of methods suitable for the control of erosion 
on any given area depends on many factors; that is to say, no generally applicable, 


Fic. 10.—Corn GrRowING ON IMPROVED HILLSIDE OF THE: VIENNA EXPERIMENT FIELD 


This land had formerly been badly eroded. It was reclaimed by proper soil treatment 
and cropping. Compare with Fig. 9. 
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detailed directions for controlling erosion can be given because such important 
factors as steepness of slope, length of slope, and permeability of the soil must 
be taken into consideration. 
A detailed discussion of methods of controlling erosion will be found in 
Bulletin 207, ‘‘ Washing of Soils and Methods of Prevention,’’ and Circular 290, 
‘Saving Soil by Use of Mangum Terraces,’’ published by this Station. 


APPLYING LIMESTONE TO CORRECT ACIDITY 

The maintenance of a favorable soil reaction has been mentioned as one of 
the essentials in a rational system of soil management, and in contemplating a 
soil-improvement program one of the first steps for consideration is the applica- 
tion of limestone. 

In considering the use of limestone it should be understood that this ma- 
terial functions in several different ways, and that a beneficial result may there- 
fore be attributable to quite diverse causes. Limestone provides calcium, a plant- 
food element for which certain crops have a high requirement. It corrects acidity 
of the soil, thus making for some crops a much more favorable environment as 
well as establishing conditions absolutely required for some of the beneficial 
bacteria. It plays an essential role in the chemical transformation of nitrogen. 
It helps to check the growth of certain fungous diseases, such as corn root rot. 
Experience indicates that it modifies either directly or indirectly the physical 
structure of fine-textured soils, frequently to their great improvement. Most 
important of all its properties is its power to neutralize soil acidity, thus making 
‘possible thru the growing of legumes the reclamation of millions of unproduc- 
tive acres as well as the improvement of land of moderate or even high produc- 
tive capacity. 

4 Soils vary tremendously with respect to acidity, and the question arises as 
to how the farmer is to know whether his land needs limestone. Much informa- 
tion on this subject, as it pertains to Illinois land, is to be found in connection 
with the soil survey. Some soil types are uniformly acid, and therefore in their 
description attention is called to the necessity of applying limestone; other types 
being alkaline thruout, do not need lime, and in the discussion this fact is re- 
corded. There are, however, extensive soil types in which the lime requirement 
is not uniform. It may vary from field to field on the same farm. It may even 
‘change on a given field with the passing of time, especially under heavy cropping. 
Obviously i in such cases a definite recommendation in regard to liming cannot be 
given, and under these circumstances the farmer is advised to resort to a test 
which he himself can learn to make. 

Any citizen of the state may obtain from the county farm adviser or from 
‘the Experiment Station instructions for making a systematic limestone map of 
his fields, showing not only the areas that need liming but also approximately 
the amount of limestone to apply. Such a test made on soils where the lime 
requirement is decidedly variable is saving many hundreds of dollars in ex- 
‘penditures for limestone where limestone is not needed, as well as preventing the 
waste of clover seed on soils too acid to grow clover. For a description of this 
test see Circular 246 of this Station, ‘‘Test Your Soil fcr Acidity.’ 
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A good indication as to whether a soil needs limestone is the character of 
the growth of certain legumes, particularly sweet clover. This erop does not 
thrive on acid soils and its thrifty growth therefore indicates that the soil is not 
acid, at least in a harmful degree. Some legumes, for example red clover, will 
grow fairly well on soil of moderate acidity provided conditions are otherwise 
favorable. Too much reliance therefore should not be placed on the behavior of 


hm . 


Fic. 11.--SwrEet CLOVER AS AN INDICATOR OF THE NEED FOR LIMESTONE 


Left, no limestone; right, limestone. Sweet clover is one of the most 
sensitive crops to soil acidity. This crop will not grow on acid soils until 
limestone has been applied. 


legumes as an indicator of the need of liming, for it frequently happens that 
fair stands are mistaken for good stands and even good yields can often be 
greatly increased by the use of limestone. Therefore it is well to be definitely 
informed regarding the conditien of the soil with respect to acidity, using, where 
necessary, a reliable test such as that mentioned above. 


MAINTAINING A WELL-PLANNED CROP ROTATION 

In any program of permanent soil improvement one should adopt at the out- 
set a good system of crop rotation, including a liberal use of legumes. It is im- 
possible to prescribe the best rotation for every individual case because what will 
prove to be the most advantageous system to follow depends upon a number of 
different factors. Of primary importance among these factors is the location 
of the farm with respect to soil, to climate, and to market. The particular rota- 
tion to be followed will be determined further by the type of farming—whether 
grain, livestock, orcharding, or other kind of enterprise. Finally, not the least 
important to be considered are the personal interests and inclinations of the 
farmer himself. 

Following are a few suggested rotations, applicable mainly to the corn belt, 
which are intended to serve merely as patterns or outlines, to be modified accord- 
ing to special circumstances. In these suggested rotation programs the more 
common crops are mentioned merely as types, for which other crops of similar 
nature may be substituted as desired. In the following lists, for example, oats 
may be replaced by barley or spring wheat, and likewise winter rye might take 
the place of winter wheat. Or it may be advisable in some cases to divide the 
acreage of small grain and raise different kinds; for example, plant a part of 
the land to oats and a part to barley. The word ‘‘clover’’ in the following lists 
of rotations is used in a general sense to designate red, alsike, or sweet clover, or 
even a clover-grass mixture to serve either as pasture or meadow. In the event 
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of clover failure soybeans may be substituted. The value of sweet clover, es- 
pecially as a green manure, for building up depleted soils is becoming thoroly 
established, and its importance in a crep-rotation program may well be empha- 
sized. In the following lists the word ‘‘clover’’ in parentheses signifies that 
clover is seeded in the grain crop. 

Numberless different cropping systems might be enumerated, ranging thru 
various long-term and short-term rotations, but it will suffice for the present pur- 
pose to mention only a few systems as suggestive of types of rotations. 


Six-Year Rotations 
Among the longer type of rotations the following six-year systems are sug- 
gested as being good practical rotations adaptable under many circumstances. 
Two such programs are presented, one in which corn predominates and the other 
in which wheat is the major crop. Following are the crop sequences: 


System A System B 
Corn Corn 
Corn Oats 
Oats (clover) Wheat (clover) 
Clover Clover 
Wheat (clover) Wheat (clover) 
Clover Clover 


j In grain farming most of the crop residues are returned to the soil and the 
clover may be left on the land or returned after threshing out the seed. In live- 
stock farming the clover may be mixed with alfalfa or with timothy, the crop 
being used for pasture or for meadow as desired. Soybeans, a crop that is 
rapidly coming into favor, can be introduced into System A by replacing either 
the first or the second corn crop or the last clover crop. In System B perhaps 
the best place for soybeans would be following the second wheat crop, altho it 
is possible to grow them in place of the oats. 

An objection sometimes arises to wheat following clover on account of the 
wheat lodging. This lodging is not so likely to happen when the clover is cut 
as hay and removed from the land. 


Five-Year Rotations 


A five-year rotation system offers one of the most convenient cropping plans 
that can be devised for general farming. It is flexible, it provides diversification, 
and it can be made to give large place to legumes. Here again two different 
basal systems are presented, one designed primarily for corn as the major crop 
and the other for wheat: 


System C System D 
Corn Corn 
Corn Oats 
Oats (clover) Wheat (clover) 
Clover Clover 
Wheat (clover) Wheat (clover) 


It is of interest to observe that if soybeans were to replace second-year corn 
in System C or oats in System D, and the clover catch crop were allowed to grow 
a while in the spring before corn planting, then a legume crop would appear on 
every acre every year. 


EE 


44 Som Report No. 47: APPENDIX 


Four-Year Rotations 


The four-year rotation represents a rather common cropping system. Among 
the several possibilities the following are suggested as practical programs for a 
four-year rotation: | 


System E System F 
Corn Corn 
Corn Oats (clover) 
Oats (clover) Wheat (clover) 
Clover Clover 


System E which calls for half the land to be in corn, requires a productive 
soil. However, half the land is under legumes and this is also true of System F. 
Soybeans might take the place of one of the corn crops in System E. In Sys- 
tem F they might take the place of the oats provided the bean crop is removed 
early in order to make way for the fall seeding of the wheat. 


Three-Year Rotations . 


One of the most common rotations practiced in the corn belt is the three-year 
crop succession of corn, oats, and clover (System G). From the standpoint of 
soil maintenance this is a good rotation. Legumes appear on the land two years 
out of three. It is also advantageous from the standpoint of labor economy, 
for plowing is required only once in three years. Its main disadvantage perhaps 
lies in the restricted crop diversification. 


System G System H 
Corn Wheat (clover) 
Oats (clover) Corn 
Clover Soybeans 


An opportunity to introduce wheat into a three-year cropping plan is offered 
in System H. It is of interest to note that by seeding a catch crop of sweet 
clover in the wheat, to be plowed under the following spring just before corn 
planting, the land is under legumes some portion of the season every year. It 
will be necessary to harvest the soybeans early either by using an early variety 
or by cutting for hay in order to prepare the land for winter wheat. In some 
regions it may be desirable to substitute cowpeas for the soybeans. 


Two-Year Rotation 


The well-known practice of alternating corn and oats has long been pointed 
out as an example of a bad rotation under which thousands of corn-belt farms 
are headed toward ruination. However, with the advent of sweet clover, that 
great soil restorer, a corn-oats rotation becomes a practical possibility. : 


System I 


Corn 


Oats (sweet clover) 4 


In this system sweet clover is sown in the oats, pastured in the fall and the 
following spring if desired, and then plowed down in preparation for corn. 
From the standpoint of soil upkeep, this cropping plan, which may fit well in. 
certain situations, is offered as an interesting possibility, altho from the general 
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_farm-management point of view it may lack some of the advantages of the longer 


rotations described above. 
Altho oats are mentioned as the spring grain crop, as a matter of fact by 


' dividing the land devoted to small grain and introducing barley, these two crops 


ean be grown simultaneously, thus providing a three-crop system in a two-year 
eycle. 
Alfalfa and Pasture in Rotation 
Alfalfa is a highly desirable crop to grow, especially in livestock farming. Its 
possible use as a biennial legume in the rotation has already been pointed out. 
It is often desirable, however, to include alfalfa as a perennial stand in the 
cropping system. This can be done by providing one extra field. The alfalfa 


occupies a field during a complete rotation period of the other crops plus one 


year extra. The alfalfa is then shifted to another field while the other crops 
rotate, and so on around the entire field system. 

It may be observed that this same plan for alfalfa in rotation will provide 
for continuous pasture of any kind, either of perennial grass or of grass and 


clover mixture. 


SUPPLYING RIGHT KINDS AND AMOUNTS OF ORGANIC MATTER 


Organic matter acts beneficially chiefly in two ways: it helps to maintain 


' favorable physical conditions in the soil; and it supplies food material for the 


microscopic organisms which inhabit the soil and which in turn, thru their life 


processes, effect many of the necessary chemical transformations that render 


plant food available for the growing crops. 
The main sources of supply for organic matter are stable manure, crop 


residues, and green manures. 


A recent study of the results from the soil experiment fields located in many 


different parts of Illinois reveals the fact that the system of treatment that has 


most frequently returned the greatest profit is manure with limestone. Of the 
eight systems compared, this proved to be the winning treatment on more than 
60 percent of the fields. This indicates the very great value of stable manure 
and suggests the importance of its careful conservation and use on every farm 
where this material is available. On most farms, however, there is not sufficient 
animal manure produced to cover the land, and thus it becomes necessary to 
resort to some other supply of organic matter. The alternative here lies in the 


_ so-called ‘‘crop-residues’’ system, in which unused materials such as stalks, straw, 


and chaff are returned to the land and plowed under along with leguminous 
green-manure crops. 
In connection with the application of organic matter, an important distine- 


tion between kinds of organic matter with respect to chemical make-up has come 


to be recognized within the last few years. It is commonly observed that an 
excessive application of straw or similar material is likely to produce a depression 
in crop growth which may result in lowering the yield. In addition to the un- 


favorable physical effect of plowing down a mass of decay-resistant material, 


_ particularly if dry weather ensues, a detrimental chemical effect may also follow. 


46 Sor, Report No. 47: APPENDIX 


The large quantity of cellulose contained in straw stimulates the activities of a 
certain set of microscopic organisms. These may become so active as actually to. 
compete with the growing plants for nitrate and so under certain circumstances 
to cause nitrogen hunger. Good judgment must therefore be exercised in apply- 
ing strawy material. Heavy applications should ordinarily be avoided unless 
they can be plowed under with a good growth of legumes or else applied at such, 
a time as not to interfere with a crop having a large nitrate requirement. 


MINERAL PLANT-FOOD REQUIREMENTS AND SUPPLY 


Ten chemical elements have long been accepted as being essential for the 
growth of the higher plants. These are carbon, hydrogen, oxygen, nitrogen, 
phosphorus, sulfur, potassium, calcium, magnesium, and iron. To this list certain 
other elements have been added from time to time as being either necessary in 
the physiological processes or else present merely on account of absorption from 
the soil solution. 

Of the elements of plant food, three (carbon, oxygen, and hydrogen) are 
secured from air and water, and the others from the soil. Nitrogen, one of the 
elements obtained from the soil by all plants, may also be secured indirectly 
from the air by the class of plants known as legumes, in case the amount liberated 
from the soil is insufficient. 

Table 10 shows the average content of some of our most common field crops 
with respect to seven important plant-food elements furnished by the soil. The 
figures show the weight in pounds of the various elements contained in a bushel 
or in a ton, as the case may be. From these data the amount of an element 
removed from an acre of land by a crop of a given yield can easily be computed. 


TaBLE 10.—Puant-Foop ELEMENTS IN ComMon Farm Crops! 


Produce 
Nitrogen| Phos- | Sulfur | Potas- | Magne-|Calcium| Iron 
phorus sium sium 
Kind Amount 
lbs. lbs. lbs. lbs. lbs. lbs. lbs. 

Wheat, grain...... 1 bu. 1.42 24 .10 .26 .08 .02 .O1 
Wheat straw......| 1 ton 10.00 1.60 2.80 18.00 1.60 3.80 .60 
Corn, grain....... 1 bu. 1.00 silZf .08 .19 .07 .O1 .O1 
Corn stover.......| 1 ton 16.00 2.00 2.42 17.33 3.33 7.00 1.60 
Corn cobs. 2s... .- 1 ton WY Ol eee echo al roel eee 4.00 |. cnh a eee | cee ere 
Oats; grain... /<:.. - 1 bu. .66 pital .06 .16 -04 .02 01 
Oat straw........ 1 ton 12.40 2.00 4.14 | 20.80 2.80 6.00 112, 
Clover seed....... 1 bu. WO POOR eeeeetse ee 15 -25 ARS echt ots 
Clover hay....... 1 ton 40.00 5.00 3.28 | 30.00 he biselles OL) Oes 1.00 
Soybean seed. .... 1 bu. 3.22 .39 SOT uh pike ae 15 Bid bei: ae ‘ 
Soybean hay...... 1 ton 43.40 4.74 5.18 | 35.48 | TSe84aue2eoGnl eee 
Alfalfa hay....... 1 ton 52.08 4.76 5.96 16.64 8 OOD 2220. a ee , 


1These data are brought together from various sources. Some allowance must be made for 
the exactness of the figures because samples representing the same kind of crop or the same kind 
of material frequently exhibit considerable variation. 
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The vast difference with respect to the supply of these essential plant-food 
_ elements in different soils is well brought out in the data of the Illinois soil 
survey. For example, it has been found that the nitrogen in the surface 674 
, inches, which represents the plowed stratum, varies in amount from 180 ane 
per acre to more than 35,000 pounds. In like manner the phosphorus content 
varies from about 320 to 4,900 pounds, and the potassium ranges from 1,530 to 
about 58,000 pounds. Similar variations are found in all of the other essential 
_ plant-food elements of the soil. In presenting these figures it is not intended 
to imply that plants are restricted in their feeding to the surface stratum, nor 
that the total quantities of the various plant-food elements give a reliable indi- 
cation of the immediate fertilizer requirements of a soil except in extreme cases. 
Such extreme cases, however, are relatively rare and there are the great middle 
_ classes in which chemical composition varies so little as to furnish no clue what- 
ever to the probable effect of a particular fertilizer treatment. Much depends 
“upon the ability of the crops grown to utilize plant-food material, and much 
depends upon the solubility of the plant-food substances themselves. When an 
element becomes so reduced, either in total quantity or in available form, as to 
become a limiting factor of production, then we must look for some outside source 
of supply. Table 11 shows the approximate quantities of some of the more im- 
portant plant-food elements contained in materials most commonly used as 
fertilizers. 


Tass 11,—PLant-Foop ELEMENTS IN MANuRE, RouGH FEEDS, AND FERTILIZERS! 


Pounds of plant food per ton 
mr of material 


Material 
Nitrogen Phosphorus Potassium 

RE IRPEOMRITO G06... eee 10 2, 8 
RE RAMESTOE 4 es aia > Sup eee 16 2 17 
ay EAN eon a done.o (le 5 OG Ao 12 7 21 
OTE RE SEER A ye a 10 2 18 
| HENGE TG? so 6 os nro dye Os Ce 40 5 30 
CUS WOe? May? oo oc ooo AO 43 5 33 
A LBSIEE STADE oo sina ale Sale 5 ee ee 50 4 24 
Sweet clover (water-free basis)?................. 80 8 28 
OR BATON) Mh Be ele aA 
oa Ainny sno). ONS rrr SOME B tthe. Ate sce fd chien. 
PRRVATOUAUIIIVAIIITADO Ge crs 6 coe vec ee lee eae AQ Oe RIE oe ce Le ae. 
fine \EGVOVS) TRON 9 = is ee SI 80 SO ice [tay hrc 
ligkapedeyell Veyosive) ris DS Ae Se 20 250 nn ian) Seek 
WAY THO SD NOLO END, | leg ene nee ZO OME eM NY aes eis 
OND ORO OO. 5 Vas ee Tae ok yl gua nea ae 
PUM ESN VEST oko ae ee Lee | 850 
TORERSS ATT TW ETD et Se ey ee re 850 
OO STIGSRE Soe ke ng ke Beko bg e 6 O on 6 Ogee 200 
DOULTSHOS MIMO ICHEO Na MINE AI tet) lotuicudeliasl 0 ves eu 10 100 


____1See footnote to Table 10. Young second-year growth ready to plow under as green manure. 
Wood ashes also contain about 1,000 pounds of lime (calcium carbonate) per ton. 
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Fic. 12.—AtLL ESSENTIAL PLANT-Foop ELEMENTS Must BE PRESENT } 


The jars in which these corn plants are growing contain pure sand to . 
which have been added various combinations of the essential plant-food 
elements. If a single one of these elements is omitted, the plants cannot de- 
velop; they die after the small supply stored in the seed becomes exhausted. 


Nitrogen Problem 
The nitrogen problem is one of foremost importance in American agricul-, 
ture. There are four reasons for this: nitrogen is becoming increasingly defi- 
cient in most soils; its cost, when purchased on the open market, is often pro- 
hibitive ; it is removed from the soil in large amounts by crops; and it is readily: 
lost from soils by leaching. A 50-bushel crop of corn requires about 75 pounds 
of nitrogen for its growth; and the loss of nitrogen from soils by leaching may 
vary from a few pounds to ever one hundred pounds an acre in a year, depend-: 
ing upon the treatment of the soil, the distribution of rainfall, and the protection 
afforded by growing crops. 
An inexhaustible supply of nitrogen is present in the air. Above each acre 
of the earth’s surface there are about 69 million pounds of atmospheric nitrogen. 
Leguminous plants such as the clovers are able, with the aid of certain bacteria, | 
to draw upon this supply of air nitrogen, utilizing it in their food requirements. | 
In so doing, these leguminous plants if returned to the land add to the soil a| 
part of the nitrogen which has been taken from the air and transformed into| 
food material that can be assimilated by other kinds of crops that follow. By! 
taking advantage of this fact and introducing periodically into the rotation | 
system a crop of legumes, the farmer may draw upon this cheapest source of| 
nitrogen for soil improvement. In general farming, therefore, that is, in the 
production of such crops as corn, oats, wheat, and hay, legumes should furnish | 
the main stock of nitrogen, this stock to be supplemented, of course, by all avail- 
able manure and by other farm waste materials containing nitrogen. 
In addition to these home sources of nitrogen supply, there are various com- 
mercial products containing nitrogen offered on the market. These materials 
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q and 
> All but 
N bs 
Fig. 13.—LEcuMes CAN OBTAIN THEIR NITROGEN FROM THE AIR 
The photograph tells the story of how clover benefits the soil. In the pot 
at the left all the essential plant-food elements, including nitrogen, are supplied. 
In the middle jar all the elements, with the single exception of nitrogen, are 


present. At the right nitrogen is likewise withheld but the proper bacteria are 
supplied which enable the clover to secure nitrogen from the air. 


formerly consisted largely of sodium nitrate, a mineral imported from South 
America; ammonium sulfate, produced in the manufacture of coal gas and coke; 
and certain waste and by-product materials mainly of organic composition. 
Within very recent time, however, tremendous developments in the synthetic 
production of nitrogen compounds from air nitrogen have taken place. Among 
these new fertilizer materials may be mentioned cyanamid, calcium nitrate, 
‘sodium nitrate, ammonium nitrate, and urea. ‘ 

These developments in the artificial fixation of nitrogen will doubtless have 
a far-reaching effect in reducing the cost of commercial nitrogenous fertilizers. 
What the limits may be in this direction one dare not predict. Whether these 
manufactured nitrogen compounds will become so cheap some day as actually 
to compete with legume nitrogen is problematical, especially when the other ad- 
vantages offered by legumes are considered. However, the day has not yet ar- 
rived when we can afford to dispense with legumes as a green manuring crop 
in the production of grain and hay. 

Accepting, then, this principle that legumes and farm wastes must consti- 
tute the main source of nitrogen supply, the question arises—can these home- 
grown materials be supplemented to advantage by the use of commercial car- 
riers of nitrogen? 

: The impossibility of making blanket recommendations has already been 
pointed out. The question finally resolves itself into a matter of expense and 
| profit for each individual case. Sodium nitrate is purchased: on the market at 
present at about $65 a ton. If a farmer applies 100 pounds an acre, he provides 
about two-fifths of an ounce to a hill of corn. A ton would cover 20 acres and 
the cost would be about $3.25 an acre. Under present prices an increase of about 
four to five bushels of corn or wheat would be required in order to cover the 
cost before any profit could be realized. 

. Under what circumstances might such increases in yield be ney ex- 
pected? It is possible that in many cases where manure or legumes have not 
been used, such an application of nitrogen would return a profit, but such usage 
should be regarded as a temporary expedient rather than a permanent practice 


. 
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in soil management. Under adverse weather conditions, when soil nitrates are 
formed too slowly or are washed away by excessive rain, an application of 
nitrogen fertilizer may prove highly beneficial to wheat and corn. | 
A peculiar hazard accompanies the application of nitrogen that does not 
obtain in applying phosphate or potash. Nitrates are readily washed away, 
and if cireumstances are such that the first crop fails to utilize the nitrogen, little 
or no residual effect on the following crops can be expected. For this reason 
special caution should be used against applying excessive amounts of nitrogen. 
Usually it is well to divide the application of a quickly soluble nitrogen fertilizer 
such as sodium nitrate, using a portion at planting time and distributing the 
remainder at a later date. Nitrogenous fertilizers are often made up of a mixture 
of materials whose nitrogen becomes soluble with varying degrees of rapidity, 
thus automatically distributing the action of the nitrogen over a period of time. 


Phosphorus Problem 

Different soil types display great variation in phosphorus content and, on 
the other hand, soils of like total-phosphorus content exhibit great variation in 
response to phosphate fertilization. The removal of phosphorus by continuous 
cropping slowly reduces the amount of this element available for crop use unless 
its addition is provided for by natural means such as overflow, or by agricultural 
practices such as the addition of farm manure and phosphatie fertilizers and 
perhaps the use of fotations in which deep-rooting leguminous crops are fre- 
quently grown. Results obtained from the soil experiment fields of Illinois 
show that some soils respond highly to phosphate fertilization, while others give 
a very low response or none. Reports from county farm advisers and farmers 
in general are in agreement with these experimental results. 

As stated above, the total quantity of phosphorus present in a soil is not a 
reliable indicator of the probable response to phosphate fertilization. Appar- 
ently it is a matter of solubility or the chemical form in which the phosphorus 
exists rather than total quantity. 

A simple field test has recently been devised at the Illinois Experiment Sta- 
tion which will distinguish soils having a high amount of available phosphorus | 
from those having a low amount. Information concerning this test is furnished 
in Bulletin 337, ‘‘A Field Test for Available Phosphorus in Soils.’’ 

There are several different phosphorus-containing materials that are used 
as fertilizers. The more important of these are rock phosphate and superphos- 
phate. Other valuable carriers of phosphorus are bone meal and basic slag. — 

Rock phosphate is a mineral substance found in vast deposits in certain re- 
gions. A good grade of the rock should contain 12 to 15 percent of the phosphorus 
element. The rock should be ground to a powder fine enough to pass thru a 
100-mesh sieve, or even finer. Considerable experimentation in the finer grind: 
ing is under way in the hope of increasing the plant-food value of the produet 
and thus make possible a reduction in the amount that it is necessary to apply. 

Superphosphate is produced by treating rock phosphate with sulfuric acid, 
The two are mixed in about equal amounts; the product therefore conta 
about one-half as much phosphorus as the rock phosphate itself. By further 
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‘ 
: processing, different concentrations are produced. The most common grades 
_ of superphosphate now on the market contain 7, 834, and 1014 percent of the 
. element phosphorus, and even more highly concentrated products containing as 

high as 21 percent are to be had. In fertilizer literature the term phosphorus 
is usually expressed as ‘‘phosphoric acid’’ (P,O,) rather than the element phos- 
phorus (P), and the chemical relation between the two is such as to make the 

above figures correspond to 16, 20, 24, and 48 percent of phosphoric acid re- 
spectively. Likewise the 12 to 15 percent of phosphorus in rock phosphate cor- 
_ responds to 29.5 to 34.3 percent of phosphoric acid. Besides phosphorus, super- 
| phosphate also contains sulfur, which is likewise an element of plant food, altho 
this fact has little agricultural significance for Illinois, where the soils generally 
are sufficiently stocked with sulfur. In general, phosphorus in superphosphate 
is considered to be more readily available for absorption by plants than is the 
_ phosphorus in raw rock phosphate, altho there is often good response in the 
_ crops immediately following the application of rock phosphate. 
: Obviously the carrier of phosphorus that will give the most profitable re- 
turns, considered from all standpoints, is the one to use. The question of which is 
the most profitable, however, remains unsettled, altho it has been the subject of 
' much discussion and investigation. The fact probably is that there is no single 
-earrier that will prove the most economical under all circumstances because 
so much depends upon soil conditions, crops grown, length of haul, and market 
- conditions. 
The relative cheapness of raw rock phosphate as compared with the treated 
material, superphosphate, makes it possible to apply for equal money expendi- 
q ture considerably more phosphorus per acre in the form of rock than in the 
_ form of superphosphate, the ratio being, under present market conditions, roughly 
speaking 314 to 1; that is to say, a dollar will purchase about three and a half 
times as much of the phosphorus element in the form of rock phosphate as in 
the form of superphosphate, and this is an important consideration if one is 
{ interested in building up a phosphorus reserve in the soil. 
On several of the Illinois soil experiment fields rock phosphate and super- 
phosphate are being compared in systems of management looking toward perma- 
“nent soil improvement, and are applied in amounts corresponding approximately 
_ to equivalent money expenditures. So far as these comparisons show, there 
: appears to be little consistency in the results. In some years and on some crops 
_ superphosphate has furnished the greater profit; in other years and on other 
: crops the reverse is true. In some cases neither material has paid for its cost, 
‘indicating that phosphorus is not a limiting factor in production on all soils. 
On the whole, therefore, if possible residual effects are disregarded, there ap- 
pears to be no indisputable evidence for general discrimination between the 
two forms of phosphate. 


Potassium Problem 

Our most common soils, the silt loams and clay loams, are well stocked with 
potassium altho it exists mainly in a very slowly soluble form and probably 
only a very small percentage of the total pcetassium exists in a form available 
to plants at any one time. 
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Many field experiments in various sections of Illinois during the past 
twenty-five years have shown little or no respense to the application of potassium 
in the production of our common grain and hay crops. On the light-colored soils 
of southern Illinois, however, where stable manure has not been employed, potas- 
sium has been applied with profit, the benefit appearing mainly in the corn crop. 

Peat soils usually respond to potash fertilization. The Illinois Experiment 
Station has demonstrated in field experiments located on peat land that the 
difference between success and failure in raising crops on such land depends upon 
the application of a potash fertilizer. 

Potassium has proved beneficial also on the so-called ‘‘alkali’’ spots oc- 
curring on cértin soil types that are rather high in organic matter, including 
peat and dark-colored sandy, silt, and clay loams. The unproductiveness of 
these soils is probably due largely to the unavailable condition of the soil potas- 
sium as well as to an unbalanced condition of the plant nutrients resulting from 
an excess of nitrate nitrogen. The addition of potash has a beneficial influence 
upon both of these unfavorable conditions. 

Potash fertilizer may be procured in the form of one of the potassium salts, 
such as the chlorid, sulfate, or carbonate, and any of these materials may be 
applied, where needed, at the rate of 50 to 150 pounds an acre according to 
the method of distribution. For our most common crops about the only basis 
for choosing among these forms is the matter of price, taking into consideration 
the potassium content. 

Kainit is another substance containing potassium, but it is combined with 
magnesium in the form of a double salt. It is therefore less concentrated than 
the salts mentioned above, and so should be applied in larger quantities. An 
application of about 200 pounds or more of kainit to the aere is suggested. 


Use of Mixed Commercial Fertilizers 

A mixed commercial fertilizer is a combination of substances containing 
either two or three of the plant-food elements nitrogen, phosphorus, and potas- 
sium. If the material contains all three of these elements, it is said to be a 
‘‘ecomplete’’ mixed fertilizer; if only two of the three are present, it is said 
to be an ‘‘incomplete’’ mixed fertilizer. 

A complete mixed fertilizer has the general formula N—-P,O,-K,0 (nitrogen, 
phosphorus pentoxid, potassium oxid), the proportions of the elements vary- 
ing according to the way in which the material is compounded. By substituting 
figures for the letters in this formula the percentage composition of the fertilizer 
is indicated. Thus a fertilizer of the formula 5-15-5 contains 5 percent nitrogen, 
15 percent phosphorus pentoxid (usually designated as phosphoric acid), and 5 
per cent potassium oxid (usually called potash). Translated into pounds, this 
means that a ton of the fertilizer contains 100 pounds of nitrogen, 300 pounds 
of phosphorie acid, and 100 pounds of potash. For the benefit of those who are 
accustomed to think in terms of the simple plant-food elements rather than 
these combinations, it may be explained that the above amounts correspond to 
100 pounds of the element nitrogen (N), 131 pounds of the element phosphorus” 
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(P), and 83 pounds of the element potassium (K). Changing the formula to 
read 0-15-5 indicates that no nitrogen is contained in it; 5-15-0 means that no 
potassium is present; and 5-0-5 indicates that phosphorus is absent. 
| In compounding these fertilizers, several ingredients carrying a single kind 
of plant-food element may be used. For example, a portion of the total nitrogen 
may be furnished by sodium nitrate, while another portion may be carried in 

dried blood or in ammonium sulfate. In addition to these plant-food ma- 
terials, fillers and conditioners are often used in such amounts as to make the 

finished product contain the desired percentage of plant food. 

A distinction between what are considered ‘‘high-grade’’ and ‘‘low-grade’’ 
fertilizers is now being made upon the arbitrary basis of a total of 16 so-called 
‘‘units of plant food.’’ Thus a 2-8-2 fertilizer carrying 12 units of plant-food 
would classify as a low-analysis grade. The advantage of using the higher grade 
products is becoming more and more generally recognized by both consumers 
and producers of fertilizers. In the latest developments still more concentrated 
forms of fertilizers are being produced containing as much as 60 units of plant 
food. If the economy of production and the agricultural value justify the gen- 
eral use of materials of such high concentration, there should be a great saving 
‘in the cost of transportation and handling thru the use of fertilizers of this type. 
| The question arises repeatedly regarding the employment of mixed com- 
es fertilizers, and particularly their employment in connection with a basic 
program of soil improvement built around the use of legumes and limestone 
where necessary. 

An important principle to be borne in mind in the use of any fertilizer is 
represented in the so-called ‘‘law of the minimum,”’ that is, that no benefit can 
‘result from the application of a given plant-food element unless the need for 
‘that element is a limiting factor in plant growth. If, for example, there is al- 
‘ready in the soil enough available phosphorus to produce a 40-bushel crop, and 
the nitrogen supply or the moisture supply is sufficient for only 40 bushels or 
less, all the phosphorus one might apply would be absolutely ineffective in in- 
-ereasing the yield beyond this 40-bushel limit. 

The most serious objection to the indiscriminate use of mixed commercial 
fertilizers lies in the fact that frequently only one, or perhaps two, of the plant- 
food elements carried by the fertilizer are actually needed, in which case a 
useless expense is incurred for the unnecessary element or elements. 

This question of the use of commercial fertilizers is exceedingly compli- 
cated because so much depends upon numberless conditions of soil and season. 
We may be able to analyze in part the conditions of the soil, but we are power- 
less in predicting the conditions of the oncoming season. <A given fertilizer may 
Bay a handsome profit this season but on the same field next year may be abso- 
lutely without effect, or even detrimental to the crop. That is why it is im- 
possible to make any general statement or to give a blanket recommendation 
‘concerning the use of such fertilizers. 

The matter finally resolves itself into two questions: cost of material and 
benefit derived. Fortunately the cost of material ean be definitely determined. 


} 
i: 
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In order to get an idea of the expense of applying mixed commercial fertilizers, 
perhaps we cannot do better than to figure the cost per acre based upon the 
published recommendations and price quotations of a fertilizer company. The 
following estimates are based upon the recommendations of such a company as 
given for the dark-colored silt or clay loam soils of Illinois on land having had 
manure and clover, and the prices are those quoted for the spring of 1929. 

Thus, for the corn crop, 150 pounds per acre of a 5-15-5 fertilizer is recom- 
mended to be applied in drills or hill-dropped. The price of this fertilizer is 
quoted at $53.15 a ton, which would make the cost $3.99 per acre. According to 
an official report, the farm value of corn for December, 1928, in Illinois was 70 
cents a bushel. At this rate an increase of 5.7 bushels of corn per acre would be 
required to cover the cost of the fertilizer, taking no account of the extra expense 
in applying it. 

For spring grains the recommendation is to use a 0-21-9 fertilizer at the rate 
of 250 pounds an acre if drilled or 400 pounds if broadeast. The price is $45.10 
a ton, thus making the cost per acre $5.64 drilled or $9.02 broadeast. If the 
spring grain were oats, valued at 38 cents a bushel, the increase in yield to cover 
the cost of fertilizer would have to be nearly 15 bushels an acre in the case the 
fertilizer were drilled; if it were broadcast nearly 24 bushels would be required 
to pay the cost before any profit would be realized. If instead of oats the spring 
erain were wheat valued at $1.02 a bushel, the increase in yield necessary to pay 
for the fertilizer would be 514 bushels if the fertilizer were drilled and nearly 
9 bushels if broadeast. In like manner the recommended application for potatoes 
is found to eost $13.13 an acre if the fertilizer is drilled and $26.25 if broadeast. 
The application recommended for pastures and meadows would cost $13.13 an 
acre. 

The above examples afford some idea of the cost of using mixed commercial 
fertilizers for the production of our common field crops in so far as the prices 
quoted remain representative. Unfortunately it is impossible to furnish informa- 
tion with the same certainty concerning the profit that is likely to be derived 
from these fertilizers, for that will depend upon several varying factors, mainly 
the amount of increase in yield and the price received for it. 

What kind of fertilizers will be profitable and under what ea eal eondi- 
tions they will pay must be determined mainly on the basis of actual experience. 
In this connection it should be borne in mind that in all experimental trials great 
care must be exercised in drawing conclusions. The soil of a farm or even of a 
field is seldom perfectly uniform throuout, and differences in yield really due 
to differences in soil may easily be mistaken for effects of the fertilizer treatment. 
Therefore small differences in yield should be critically considered before being 
accepted as significant. It is particularly risky to base conclusions upon the 
results of a single year, because of peculiar seasonal effects. Never are two 
seasons exactly alike, and the results of this year may not apply next year. If 
outstanding effects from fertilizers occur the first year they are tried, such results 
may be taken as indicative and accepted as a tentative guide for further work, 
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but final conclusions should be withheld until these results are well confirmed in 
subsequent trials. 

To what extent mixed commercial fertilizers can be profitably employed in 
connection with a basic program of soil improvement is a problem of great con- 
‘sequence. No doubt there are many instances in which such fertilizers may be 
used with profit, but it is just as certain that in many other instances their use 
would result in financial loss. Before investing in mixed fertilizers, farmers 
‘ hould carefully consider the cost, which, as explained above, is an item that ean 
‘be definitely determined. With the investigations now under way, the Experi- 
ment Station hopes soon to be in possession of much more definite information 
than now exists regarding the use, under present-day conditions, of these mixed 
commercial fertilizers. 
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Soil Reports Published 


Clay, 1911 
Moultrie, 1911 
Hardin, 1912 
Sangamon, 1912 
LaSalle, 1913 
Knox, 1913 
McDonough, 1913 
Bond, 1913 
Lake, 1915 
McLean, 1915 
Pike, 1915 
Winnebago, 1916 
Kankakee, 1916 
Tazewell, 1916 
Edgar, 1917 
DuPage, 1917 
Kane, 1917 
Champaign, 1918 
Peoria, 1921 
Bureau, 1921 
McHenry, 1921 
Iroquois, 1922 
DeKalb, 1922 


47 Piatt, 1930 


24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 


Adams, 1922 
Livingston, 1923 
Grundy, 1924 
Hancock, 1924 
Mason, 1924 
Mercer, 1925 
Johnson, 1925 
Rock Island, 1925 
Randolph, 1925 
Saline, 1926 
Marion, 1926 
Will, 1926 
Woodford, 1927 
Lee, 1927 

Ogle, 1927 
Logan, 1927 
Whiteside, 1928 
Henry, 1928 
Morgan, 1928 
Douglas, 1929 
Coles, 1929 
Macon, 1929 
Edwards, 1930 
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